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FOREWORD 


This user’s manual describes the hardware of Mitsubi- 
shi's M38063M6-XXXFP/GP CMOS 8-bit microcom- 
puter. 

After reading this manual, the user should have a 
through knowledge of the functions and features of the 
M38063M6-XXXFP/GP, and should be able to fully 
utilize the product. The manual starts with specifica- 
tions and ends with application examples. 

For software details, referto the “MELPS 740 Program- 
ming Manual”. 
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DESCRIPTION 





The M38063M6-XXXFP/GP is an 8-bit single-chip microcomputer created in a silicon gate CMOS 
process. 
Built into this single-chip microcomputer are: 

¢ Serial 1/O1 function (either clock synchronous or UART method selectable in software) 

¢ Serial 1/O2 function (clock synchronous method only) 

¢ Eight-bit timers 

¢ A-D converter (successive approximation comparison method) 

¢ D-A converter (R-2R network method) 

The M38063M6-XXXFP/GP is designed as a dedicated microcomputer for household appliances, 
office automation (OA) equipment, and audiovisual equipment. The reduced power dissipation of the 
CMOS process also makes this microcomputer extremely useful for applications utilizing battery 
power. 





Photo of M38063M6-XXXFP/GP Chip 
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1.1 Function Description 





1.1 Function Description 


The functions of the M388063M6-XXXFP/GP are outlined in Table1.1.1. These two types (M38063M6- 


XXXFP and M38063M6-XXXGP) differ 


only in the package. In this manual, the two types are 


distinguished only where there is a functional difference between them. The suffix FP indicates a 
0.8mm-lead pitch package and GP indicates a 0.65mm-lead pitch package. 


Table 1.1.1 Functions of M38063M6-XXXFP/GP 





Parameter Function 
Basic instructions 71 
Instruction execution time 0.8us (shortest instruction, at 5MHz oscillation frequency) 
Oscillation frequency I5MHz (max.) 

ROM \24,316 bytes of user area 
Memory size RAM 512 byles 

PO~P6,P8 i8-bit X 8 (CMOS output) 

NPUVOUIDUT PONS: iby 8-bit X 1 (N-channel open drain output) 
Serial 1/O1 |Clock synchronous or asynchronous 
Serial 1/02 |Clock synchronous 
Timers '8-bit prescaler X 3 and 8-bit timer X 4 
A-D converter 8-bit resolution X 8 channels 


D-A converter 
Interrupts 
Clock generation circuit 


Supply voltage 
Power dissipation 
Input/output 
characteristics 


Input/output break 
-down voltage 
Output current 
External memory expansion 

Operating temperature range 

Device structure 
Package M38063M6-XXXFP 


M38063M6-XXXGP 


'8-bit resolution X 2 channels 

7 external, 8 internal, 1 software 

Built-in (connect to external ceramic resonator or quartz 
‘crystal oscillator) 

14.0 to 5.5V 

i2eOmW (at 5MHz oscillation frequency, typ.) 

iOV 





'10mMA 

‘Possible 

'-20 to 85°C 

CMOS silicon gate 

'80-pin plastic molded QFP (0.8mm-lead pitch) 
80-pin plastic molded QFP (0.65mm-lead pitch) 
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1.2 M3806x Expansion 

Mitsubishi plans to expand the M3806x group by producing a wide range of variations. 

The concept behind this expansion is to support: 

(1) Products with the same functions but different memory capacities 

(2) Mask ROM, one-time programmable ROM, and EPROM versions 

(3) A variety of packages | 

Products with ROM capacities ranging from 12K bytes to 32K bytes and RAM capacities ranging 
from 384 bytes to 1024 bytes are under development, as shown in Figure 1.2.1. ROM capacity is 
plotted along the vertical axis and RAM capacity is plotted along the horizontal axis. 


ROM size (bytes) Under development Under planning 


32K ! M38064M8/E8>- ~~ > ! M38067M8/E8 


28K 


New Product 


24K Eseeas ee Petes + ---(CM38063M6/E6 ))- - -| 


Under development 


---- CM38062M4/E4 


New Product 


M38062M3/E3») - - 2 


192 256 384 512 
RAM size (bytes) 





Fig. 1.2.1 Memory Expansion Plan 
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The one-time programmable version of the M38062M3-XXXFP is the M38062E3-XXXFP. The one- 
time programmable version of the M38062M3-XXXGP is the M38062E3-XXXGP. The EPROM 
version, which can be erased by ultra-violet light, is the M38062E3FS. 

The one-time programmabie version of the M38063M6-XXXFP is the M38063E6-XXXFP. The one- 
time programmable version of the M38063M6-XXXGP is the M38063E6-XXXGP. The EPROM 
version, which can be erased by ultra-violet light, is the M38063E6FS. 

Mitsubishi intends to support mask ROM, one-time programmable ROM, and EPROM versions of all 
the products with the ROM and RAM capacities that are currently under development as shown in 
Figure 1.2.1. 


(1) One-time programmable version 
Non-erasable programs can be written into the internal PROM of this one-time programmable 
microcomputer. For details of the functions of this version, see Chapter 3, “INTERNAL PROM 
VERSION”. 

(2) EPROM version 
Erasable programs can be written into the internal EPROM of this EPROM microcomputer. For 
details of the functions of this version, see Chapter 3, “INTERNAL PROM VERSION”. 


Table 1.2.1 Products Supported as of September 1990 


Type name ROM RAM | Package Remarks 
M38062M3-XXXFP} 12K bytes 384 bytes! 0.8mm-pitch QFP 
M38062M3-XXXGP| 12K bytes | 384 bytes 0.65mm-pitch QFP 
M38062E3-XXXFP | 12K bytes) 384 bytes. 0.8mm-pitch QFP One-time programmable version 
M38062E3-XXXGP| 12K bytes 384 bytes: 0.65mm-pitch QFP | One-time programmable version 


M38062E3FP 12K bytes | 384 bytes: 0.8mm-pitch QFP One-time programmable version* 
M38062E3GP 12K bytes | 384 bytes 0.65mm-pitch QFP One-time programmable version* 
M38062E3FS 12K bytes | 384 bytes: 0.8mm-pitch LCC EPROM version 


M38063M6-XXXFP| 24K bytes | 512 bytes’ 0.8mm-pitch QFP 
M38063M6-XXXGP; 24K bytes | 512 bytes 0.65mm-pitch QFP 











M38063E6-XXXFP | 24K bytes; 512 bytes 0.8mm-pitch QFP One-time programmable version 
M38063E6-XXXGP| 24K bytes | 512 bytes 0.65mm-pitch QFP | One-time programmable version 
M38063E6FP 24K bytes | 512 bytes 0.8mm-pitch QFP One-time programmable version* 
M38063E6GP 24K bytes | 512 bytes 0.65mm-pitch QFP | One-time programmable version* 
M38063E6FS 24K bytes; 512 bytes 0.8mm-pitch LCC EPROM version 


* : Shipped blank. 


DESCRIPTION 


1.2 M3806x Expansion 





The names of all Mitsubishi’s single-chip microcomputers reflect differences in ROM capacity, RAM 
capacity, memory type, and package. The names of types in the M3806x group are as shown in 


Figure 1.2.2. 


M38063M6-XXXFP 


Fig. 1.2.2 Meaning of Type Name 





Package type 
FP : 0.8mm-pitch plastic molded QFP 
GP : 0.65mm-pitch plastic molded QFP 
FS : 0.8mm-pitch ceramic LCC 
ROM code distinction (omitted in some types) 
ROM size 
1 : 4K bytes 
2 : 8K bytes 
: 12K bytes 
: 16K bytes 
: 20K bytes 
: 24K bytes 
: 28K bytes 
: 32K bytes 
Memory type 
M : Mask ROM 
E : One-time programmable ROM or EPROM 
RAM size 
: 192 bytes 
: 256 bytes 
: 384 bytes 
: 512 bytes 
: 640 bytes 
: 768 bytes 
: 896 bytes 
: 1024 bytes 
Difference in function 
M38000 series 
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1.3 Pin Configuration 
The pin configuration of the M38063M6-XXXFP is shown in Figur 
of the M38063M6-XXXGP is shown in Figure 1.3.2. 
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Fig. 1.3.1 M388063M6-XXXFP Pin Configuration (Top View) 
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M38063M6-XXXGP 
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P62/AN2 ~-» 
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Fig. 1.3.2 M38063M6-XXXGP Pin Configuration (Top View) 
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P16/AD14 
P17/AD15 
P20/DBo 
P21/DB1 
P22/DB2 
P23/DB3 
P24/DB4 
P25/DB5 © 
P26/DB6 
P27/DB7 
Vss 

[29] —+>  XOUT 
XIN 
P4o 
P41 
RESET 
CNVss 
P42/INTo | 
P43/INT1 
P44/RxD 
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1.4 Pin Description 


The pin functions are listed in Table 1.4.1. 


Table 1.4.1 Pin Description 


Pin [Name Function 


Vcc, Vss 
AVss 


V REF 


Power supply 
Analog power 
supply 
A-D/D-A 
reference 


Power supply inputs 4.0 to 5.5V to Vcc, and OV to Vss. 

The GND input pin for the A-D converter and the D-A converter. Keep at the 
same potential as Vss. 

The reference voltage input pin for the A-D converter and the D-A converter. 


voltage input 
CNVss CNVss Coniele the operating mode of the chip. Normally connected to Vss or Vcc. 





RESET 


XIN 
Xout 


P0Qo~PQ7 


P1o~P17 
Peo P27 
P30~P37 
P4o~P47 


P50~P57 


P60~P67 


P7o~P77 








Reset input 


Clock input 
Clock output 


I/O port PO 


I/O port P1 
/O port P2 
VO port P3 
VO port P4 


VO port P5 


/O port P6 


/O port P7 





To enter the reset state, this pin must be kept “L” for more than 2us (under 
normal Vcc conditions). If the crystal or ceramic resonator requires more time 
to stabilize, extend this “L” level time as appropriate. 

Input and output signals to and from the internal clock generation circuit. 
Connect a ceramic resonator or quartz crystal between the Xin and Xour pins 
to set the oscillation frequency. If an external clock is used, connect the 
clock source to the Xin pin and leave the Xout pin open. 

An 8-bit CMOS 1/O port. An I/O direction register allows each pin to be 
individually programmed as either input or output. In modes other than 
single-chip, PO is used to output the low-order bits of the address bus. 
An 8-bit CMOS I/O port with the same function as port PO. In modes other 
than single-chip, P1 is used to output the high-order bits of the address bus. 
An 8-bit CMOS I/O port with the same function as port PO. In modes other 
than single-chip, P2 is used as data bus I/O. 

An 8-bit CMOS I/O port with the same functions as port PO. In modes other 
than single-chip, P3 is used as a control bus. 

An 8-bit CMOS 1/O port with the same functions as port PO. Can also be 
programmed to be serial 1/O1 function pins. 

An 8-bit CMOS |/O port with the same functions as port PO. Can also be 
programmed to be 1/O pins for timer X and timer Y, or output pins for the 
D-A converter. 


An 8-bit CMOS 1/O port with the same functions as port PO. Can also be 


used as input pins for the A-D converter. 
An 8-bit 1/O port with the same functions as port PO, except that the output 


‘structure is N-channel open drain. Can also be programmed to be serial 


O02 function pins. 
P80~P87 |I/O port P8 |An 8-bit CMOS I/O port with the same functions as port PO. 
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1.5 Functional Block Diagram 
A block diagram of the M38063M6-XXXFP is shown in Figure 1.5.1. 
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1.6 Comparison with the 740 Series 


The main differences between the M38000 series (M38063M6-XXXFP/GP) and the 740 series 
(M50747-XXXSP/FP) are listed in Table 1.6.1. | 


Table 1.6.1 Main Differences between the M38000 Series and the 740 Series 





Parameter M50747-XXXSP/FP 
Minimum instruction execution time '0.8us (at 5MHz)  ~—sSX{'4.0us (at 8MHz 
Reset vector address IFFFD1e, FFFCis = ——«|FFFFie, FFFEi6 
SFR area (000016 to OO3Fis === |00EO16 to OOFFie 
ROM area reserved for device testing 130 bytes (Note 1) —s«|None 

Readout of port direction registers [Disabled (Note 2) ——_—sSW| Enabled 

Supply voltage 40to55V {4.5 to 5.5V 
Operating temperature range I-20 to 85°C =——s=-100 to. 700°C 
Feedback resistor for clock generation circuit] Built in None 

ONW function (for memory expansion) Built in None 

RD/WR separation signal generation function | Built in None 

(for memory expansion) 

External memory area — 000016 to 000716, 00C0ie to OOE7 16, 
(for memory expansion) | and 044016 up and 014016 up 





Note 1: Addresses AO00016 to AO7Fise, FFFEts, and FFFFie | 

Note 2: The direction registers should not be read. Instructions that read the direction registers 
before writing, e.g. the read modify write instructions such as the SEB, CLB, and BBC 
instructions, should not be used. 

Note 3: For details of the reset vector addresses, the SFR area, and the ROM area reserved for 
device testing, see “2.3 Memory Allocation’. _ 

Note 4: For details of port direction register readout, the ONW function, the RD/WR separation signal 
generation function, and the external memory area, see “2.4 Processor Mode and Input/ 
Output Pins”. 


The M38000 series uses the same machine language instructions as the 740 series. For software 
details, refer to the “MELPS 740 Programming Manual”. 
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2.1 Central Processing Unit (CPU) 

The central processing unit (CPU) of the M388063M6-XXXFP/GP has the following six registers: 
¢ Accumulator (A) 

¢ Index register X (X) 

« Index register Y (Y) 

¢« Stack pointer (S) 

« Processor status register (PS) 

¢ Program counter (PC) 

These registers are described below. 


2.1.1 Register structure 

Five of these registers (the accumulator (A), index register X (X), index register Y (Y), stack pointer 
(S), and processor status register (PS)) are 8-bit registers, but the program counter (PC) is a 16- 
bit register consisting of two 8-bit registers (PCH and PC). 

After a hardware reset, bit 2 (the | flag) of the PS is set to “1” and the values of addresses FFFCie 


and FFFDie are stored in the PC, but the values of the rest of the PS and the other registers are 
undefined. Initialization of undefined registers may be necessary for some programs. 


Accumulator 
Index Register X 
Index Register Y 
Stack Pointer 


Program Counter 


Processor Status Register (PS) 


Carry Flag 

Zero Flag 

Interrupt Disable Flag 
Decimal Mode Flag 
Break Flag 

Index X Mode Flag 
Overflow Flag 
Negative Flag 





Fig. 2.1.1 Register Structure 
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2.1.2 Accumulator (A) 
The accumulator is the main register of the microcomputer. Data operations such as data transfer, 
input/output, etc., are executed mainly through the accumulator. 


2.1.3 Index register X (X), index register Y (Y) 

Both index register X and index register Y are 8-bit registers. In the index addressing modes, the 
contents of these registers are added to the value of the OPERAND to specify the real address. 
These addressing modes are useful for referencing subroutine tables and memory tables. 

These index registers also have increment, decrement, comparison, and data transfer functions to 
allow these registers to have some of the functions of the accumulator. 

In indirect addressing mode, the value of the OPERAND is added to the contents of register X or 
register Y and specifies the real address. When the T flag in the processor status register is set 
to "1", the value contained in index register X becomes the address for the second OPERAND. 


2.1.4 Stack pointer (S) 

The stack pointer is an 8-bit register used during subroutine calls and interrupts. The stack is used 
to store the current address data and processor status when branching to subroutines or interrupt 
routines. The lower eight bits of the stack address are determined by the contents of the stack 
pointer. The upper eight bits of the stack address are determined by the Stack Page Select Bit, bit 
2 of the CPU Mode Register (address 003Bie). If the Stack Page Select Bit is "0" (the default value), 
then the RAM in the zero page (addresses 004016 to OOFFie) is used as the stack area. If the Stack 
Page Select Bit is "1", then RAM in page 1 (addresses 010016 to 01FFie) is used as the stack area. 
The base of the stack must be set in software, and the stack grows towards lower addresses from 
that point. 

The operations of pushing register contents onto the stack and popping them from the stack are 
shown in Fig. 2.1.2. 


Table 2.1.1 Structure of CPU Mode Register 


| | | | CPU mode register (address 003B16) 


Processor mode bit 

bit1 bitO 
O 0: Single-chip mode 
0 
1 
1 


1 : Memory expansion mode 
QO : Microprocessor mode 
1 : Do not used 


Stack page select bit 
0: In page 0 area 
1: In page 1 area 


These bits are not used; 
they return "O" when read. 
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Interrupt Request === 


ila reer 
Execute JSR 
(S) ~ (S-1) Store Return Address 


| on Stack (Note 2) 
: frsseere| M(S) = (PCL) 


M(S) == (PCH) 
(S) = (S-1) 












M(S) ~ (PC) 


(S) == (S-1) 


Store Return Address 
on Stack (Note 2) 


Store Contents of 


Processor Status 
Register on Stack 


(S) ~= (S-1) 


Interrupt Routine 


I 
I 
I 
I 
I 
I 
3 
I 
| 
I 
I 
I 
I 
I 
1 
1 


Set | Flag "0" to "1" 


Fetch the Jump 
Vector 


(S) — (S+1) Restore Contents of 
ee eee 
(PS) <-M(S) . 
(S) —- (S+1) 
(PCL) = M(S) Restore Return 


Address 
(S) —— (S+1) 


Restore Return (S) = (S+1) 
Address. 
(PCL) <- M(S) 
(S) ~= (S+1) 
(PCH) ~- M(S) 


Note 1 : The condition to enable an interrupt —» Interrupt enable bit is "1" 
Interrupt disable flag is "0" 
Note 2 : When an interrupt occurs, the address of the next instruction to be executed is stored 
in the stack area. When a subroutine is called, the address of the instruction the next 
instruction to be executed minus one is stored in the stack area. 


Fig. 2.1.2 Register Push and Pop when servicing interrupts and calling subroutines 
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2.1.5 Program counter (PC) | 
The program counter is a 16-bit register consisting of two 8-bit sub-registers PCy and PC.. It is used 
to indicate the address of the next instruction to be executed. 


2.1.6 Processor status register (PS) 

The processor status register is an 8-bit register consisting of flags which indicate the status of the 

processor after an arithmetic operation. Branch operations can be performed by testing the Carry 

(C) flag, Zero (Z) flag, Overflow (V) flag, or the Negative (N) flag. 

After reset, the | flag is set to “1”, but all other flags are undefined. Since the T and D flags directly 

affect arithmetic operations, they should be initialized in the beginning of a program. 

Each bit of the processor status register are explained below. 

(1) Carry flag (C) 
The C flag contains a carry or borrow generated by the arithmetic logic unit (ALU) immediately 
after an arithmetic operation. It is also changed by shift or rotate instructions. The C flag can 
be set directly by the set carry (SEC) instruction and cleared by the clear carry (CLC) instruction. 

(2) Zero flag (2) 
The Z flag is set if the result of an immediate arithmetic operation or a data transfer is “0”, and 
cleared if the result is anything other than “O”. In decimal mode, the Z flag is invalid. 

(3) Interrupt disable flag (I) 
The | flag disables all interrupts except for the interrupt generated by the BRK instruction. 
Interrupts are disabled when the | flag is “1”. When an interrupt occurs, this flag is automatically 
set to “1” to prevent other interrupts from interfering until the current interrupt is completed. The 
| flag can be set by the set interrupt disable (SEI) instruction and cleared by the clear interrupt 
disable (CLI) instruction. 

(4) Decimal mode flag (D) 
The D flag determines whether additions and subtractions are executed in binary or decimal. 
Binary arithmetic is executed when this flag is “0”; decimal arithmetic is executed when it is “1”. 
Decimal correction is automatic in decimal mode. Only the ADC and SBC instructions can be used 
for decimal arithmetic. The D flag can be set by the set decimal mode (SED) instruction and 
cleared by the clear decimal mode (CLD) instruction. 
Since the D flag directly affects calculations, it should always be initialized after a reset. 

(5) Break flag (B) 
The B flag is used to indicate whether the current interrupt was generated by the BRK instruction. 
The BRK flag in the processor status register is always "0". When the BRK instruction is used 
to generate an interrupt, the processor status register is pushed onto the stack with the break 
flag set to "1". The saved processor status is the only place where the break flag is ever set. 

(6) Index X mode flag (T) 
When the T flag is “0”, arithmetic operations are performed between accumulator and memory, 
e.g. the results of an operation between two memory locations is stored in the accumulator. When 
the T flag is “1”, direct arithmetic operations and direct data transfers are enabled between 
memory locations, i.e. between memory and memory, memory and 1/O, and I/O and I/O. In this 
case, the result of an arithmetic operation performed on data in memory location 1 and memory 
location 2 is stored in memory location 1. The address of memory location 1 is specified by index 
register X, and the address of memory location 2 is specified by normal addressing modes. The 
T flag can be set by the set T flag (SET) instruction and cleared by the clear T flag (CLT) 
instruction. 
Since the T flag directly affects calculations, it should always be initialized after a reset. 

(7) Overflow flag (V) 
The V flag is used during the addition or subtraction of one byte of signed data. It is set if the 
result exceeds the range from + 127 to —128. When the BIT instruction is executed, bit 6 of the 
memory location operated on by the BIT instruction is stored in the overflow flag. The V flag can 
be cleared by the CLV instruction, but there is no set instruction. In decimal mode, the V flag 
is invalid. 

(8) Negative flag (N) 
The N flag is set if the result of an arithmetic operation or data transfer is negative (bit 7 is “1”). 
When the BIT instruction is executed, bit 7 of the memory location operated on by the BIT 
instruction is stored in the negative flag. These are no instructions for directly setting or clearing 
the N flag. In decimal mode, the N flag is invalid. 
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2.2 Access Area 

The program counter of the M38063M6-XXXFP/GP is 16-bits wide and can access 64K bytes of 
memory area (from address 000016 to FFFFies). Of this 64K-byte memory area, the first 256 bytes 
are the zero page area and the last 256 bytes are the special page area. These areas can be 
accessed by two byte commands by using special addressing modes. 


000016 oe4.oe 8s \ sneeee 
Zero Page 


004016 RAM 
010016 (512 bytes) 


024016 
Reseved Area 


aida 


A00016 
Reserved ROM Area 
(128 bytes) 


AOSD Ie User ROM Area Internal ROM Area 
FFOO16 (24282 bytes) “" (24446 bytes) 


FFDC16 Vector Table 
Special Page 


Bae: Reserved ROM Area t 


FFFFi6 te Byles) 





Fig. 2.2.1 Access Area 


In the M38063M6-XXXFP/GP, all the ROM, RAM, I/O functions, and control registers are located in 
the same memory map. This means that there is no need for programs to distinguish between 
memory and I/O operations; the same instructions can both transfer data and operate on data. 


2.2.1 Zero page (addresses 0000i6 to OOFFie) 

The 256 bytes from address 000016 to address OOFFie are called the zero page area. The internal 
RAM and the special function registers (SFR) are allocated to this area. | 

The zero page addressing mode shown in Figure 2.2.2 can be used to specify memory and register 
addresses in the zero page area. This dedicated zero page addressing mode enables access to this 
area with fewer instruction cycles. 


2.2.2 Special page (addresses FFOOis to FFFFis) . 

The 256 bytes from address FFOQ16 to address FFFFie are called the special page area. 

The special page addressing mode shown in Figure 2.2.2 can be used to specify memory addresses 
in the special page area. This dedicated special page addressing mode enables access to this area 
with fewer instruction cycles. 

Frequently used subroutines are normally stored in this area. 
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Zero Page (2 byte instruction) 
Zero Page Indirect 
(2 byte instruction) 
Addressing mode for Zero Page X (2 byte instruction) 
zero page only Zero Page Y (2 byte instruction) 
Zero Page Bit (2 byte instruction) 
Zero Page Bit Relative 
(3 byte instruction) 


Absolute (3 byte instruction) 
Absolute X (3 byte instruction) 
Absolute Y (3 byte instruction) 
Relative (2 byte instruction) 
Indirect (3 byte instruction) 
Indirect X (2 byte instruction) 
Indirect Y (2 byte instruction) 


Addressing mode in which zero 
page access is possible 


Addressing mode in which 
special page access is possible 


Special Page (2 byte instruction) 


Addressing mode for 
special page only 


seseetieedie on 





Fig. 2.2.2 Zero Page and Special Page Addressing Modes 
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2.3 Memory Allocation 
The memory allocation of the M38063M6-XXXFP/GP in single-chip mode is shown in Figure 2.3.1. 


Hexadecimal Decimal 


000016 0 
SFR Area 
Zero Page 


004016 


RAM 
(512 bytes) | 010016 


024016 
044016 
Not Used 


Reserved ROM Area 
(128 bytes) 


User ROM Area 
(24316 bytes) ae , 
FFDCie pecial Page for 
Subroutine Call 
Reserved ROM Area] FFFE16 


(2 bytes) FFFF 16 





Fig. 2.3.1 Memory Map 
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Fe se eT TO mE I ae 


2.3.1 Special function register (SFR) 

The Special function register (SFR) area contains the registers relating to functions such as I/O 
ports, timers, serial I/O, and interrupts. The SFR area is allocated to addresses 000016 to 003F ie, 
as shown in Figure 2.3.2. 


000016 
000116 
000216 
000316 
000416 
000516 
000616 
000716 
000816 
000916 
OOOAI16 
OOOBi16 
000Ci6 


000D16 


OOOEis6 
OOOF 16 
001016 
001116 
001216 
001316 
001416 
001516 
001616 
001716 
001816 
001916 
OO1A16 
001Bi6 
001Ci6 
001Di6 
OO1E16 
O01F 16 


Port Ps 


Port P2 Direction Register 
Port P3 


Port P3 Direction Register 
Port P4 


POrLPS 
Port P5 Direction Register 
Port P6 


Port P6 Direction Register 


Port P4 Direction Register 


Port P8 
Port P8 Direction Register 


p 


re 
Transmit/Receive Buffer 


aaa 


Serial //O2 Register 


Port P7 Direction Register 


002016 
002116 
002216 
002316 
002416 
002516 
002616 
002716 
002816 
002916 
O002A16 
002Bi6 
002C16 
002Di6 
002E16 
002F 16 
003016 
003116 
003216 
003316 
003416 
003516 
003616 
003716 
003816 
003916 
O03A16 
003B16 
003C16 
003D16 
OO3E16 
O03F 16 





Fig. 2.3.2 Memory Map of Special Function Register (SFR) 
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Timer XY Mode Register 
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2.3.2 RAM | 

The M38063M6-XXXFP/GP has a 512 X 8-bit static RAM from address 004016 to 023Fie. 

This internal RAM is used for data storage as well as stack area. When the RAM is used as stack 
area, the depth of subroutine nesting and the interrupt levels should be kept in mind in order to 
avoid overwriting the RAM contents. 


2.3.3 ROM 

The M38063M6-XXXFP/GP has a 24,446 X 8-bit mask programmable ROM from address A00016 to 
FFFFie. The 128 bytes from address AQ0016 to address AO7Fie and addresses FFFEis and FFFFte 
are reserved for device testing, leaving 24,316 bytes of user ROM area. 

Addresses FFDCis and FFFDie are allocated as a vector table for storing jump destination addresses 


used at reset or when an interrupt is generated. A memory map of the vector table is shown in 
Figure 2.3.3. 


et es 
Foe" cocomenoninenn | Fr 
a si 
FE"[ women | Fert [eiv01Taenn on 
= “as 


oe ute 
Te: [owner | SES wrememm | 
fess omen | AES[ pew 
FESs|_tmerzienm 





Fig. 2.3.3 Memory Map of Vector Area 
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2.4 Processor Mode and Input/Output Pins 

The level of the signal input to the CNVss pin of the M38063M6-XXXFP/GP can be used to control 
the chip’s processor mode. 

Three modes can be selected by changing the values of the processor mode bits (bits 0 and 1 of 
address 003Bis) when the CNVss pin is connected to Vss. 

The microcomputer will automatically be in single-chip mode when reset if the CNVss pin is 
connected to Vss. With the CNVss pin connected to Vss and the chip in single chip mode, memory 
expansion mode can be accessed by setting the processor mode bits to (0, 1) and microprocessor 
mode can be accessed by setting the processor mode bits to (1, 0). 

The relationships between the values of the processor mode bits and the selected processor modes 
are shown in Table 2.4.1. 


Table 2.4.1 Relationships between Processor Mode Bits and Processor Modes 


Bit1 Bit 0 


Pf fe CPU Mode Register (address 003B16) 
Bit 0 Processor Mode Bit 


fo [o | Single-Chip Mode | 
|o_| 1 | Memory Expansion Mode | 
11 | 0 | Microprocessor Mode __ 





If the system is reset with the CNVss pin connected to Vcc, the processor mode bits are 
automatically set to (1, 0), and the system will operate only in microprocessor mode. 


2.4.1 Input/Output pins 

(1) I/O ports 
The M38063M6-XXXFP/GP has 72 programmable input/output pins arranged as ports PO to P8. 
Of these ports, the functions of ports PO to P3 depend on the processor mode, and ports P4 to 
P7 are double-function ports with program-selectable functions. 
The circuits relating to these ports are shown in Figure 2.4.1, and the functions of these ports 
are listed in Table 2.4.2. 

(2) Vss and Vcc pins 
The Vss and Vcc pins supply power to the chip. 

(3) CNVss_ pin 
The level of signal input to the CNVss pin at reset start enables control of the chip’s processor 
mode. 

(4) Xin and Xour pins 
The Xin and Xourt pins are clock input and output pins. The M38063M6-XXXFP/GP has a built- 
in clock generation circuit whose oscillation frequency is set by a ceramic resonator or quartz 
crystal. However, an external clock can also be used by connecting the Xi pin to a clock 
generator and leaving the Xour pin open. 

(5) @ pin (also functions as P34 pin) 
In memory expansion mode and microprocessor mode, the @¢ pin outputs the internal system clock 
(half the oscillation frequency of the resonator crystal connected between Xin and Xour). When the 
STP or WIT instruction is executed, the output of the @ pin stops at a “H” level. 
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Table 2.4.2 Port Functions 


Port PO | 8-bit programmable 1/O port ‘In modes other than single-chip, outputs the low-order 
Input/output format : CMOS | address byte. 


Port P1 | 8-bit programmable I/O port | In modes other than single-chip, outputs the high-order 
Input/output format : CMOS | address byte. 

8-bit programmable |/O port | In modes other than single-chip, functions as the data bus. 
Input/output format : CMOS 


P2 
Port P3 | 8-bit programmable 1/O port | In modes other than single-chip, functions as the control 
Input/output format : CMOS | bus. 
P4 


Port 8-bit programmable |/O port | Not affected by processor mode. P4z2 to P47 are double- 
Input/output format : CMOS | function pins with program-selectable functions. . 

Port P5 | 8-bit programmable I/O port | Not affected by processor mode. P51 to P57 are double- 
function pins with program-selectable functions. 

Port P6 | 8-bit programmable I/O port | Not affected by processor mode. All pins are double- 
Input/output format : CMOS | function pins with program-selectable functions. 

Port P7 | 8-bit programmable !/O port | Not affected by processor mode. P7o to P7s are double- 

Input format : CMOS function pins with program-selectable functions. 

Output format : N-channel 

open drain 

Port P8 | 8-bit programmable I/O port | Not affected by processor mode. 
Input/output format : CMOS | 


Port 







(6) SYNC pin (also functions as P3s pin) 
In memory expansion mode and microprocessor mode, the SYNC pin outputs a signal that is “H” 
for one cycle of @ every time an opcode is fetched. 
(7) RESET pin 
The system is reset if the RESET pin is held “L” for at least 2us before returning to “H”. 
(8) RESETourt pin (also functions as P33 pin) 
When the M38063M6-XXXFP/GP is reset with the CNVss pin connected to Vcc, a “L” level signal 
is output from the RESETour pin. 
(9) RD and WR pins (also function as P37 and P36 pins) 
A read control signal is output from the RD pin and a write control signal is output from the WR 
pin. A "L" from the RD pin indicates that the CPU is reading and a "L" from the WR pin indicates 
that the CPU is writing. 
The RD and WR signals are output only in memory expansion mode and microprocessor mode. 
(10) ONW pin (also functions as P32 pin) 
When the CPU is either reading or writing, an “L” level input to this pin extends the corresponding 
read or write eye by one cycle of ¢. During this extended period, the RD or WR signal remains 
wp 
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Ports P0,P1,P2,P3,P40,P41,P50,P8 


Data Bus 


Data Bus 





Port P44 


Serial 1/O1 Enable Bit 
Receive Enable Bit 


ba ol 
[oe aaa 


Data Bus 7 Data Register es 
_ f 


Serial //O1 Input ait 


Fig. 2.4.1 Port Circuits (1) 
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Port P45 


Serial I/O Enable Bit 
Transmit Enable Bit 


Data Bus 





Serial 1/01 Output 


Port P46 


Serial I/O1 Clock Select Bit 
Serial /O1 Enable Bit Md 


Serial VO1 Mode Select Bit Rs 
Serial 1/01 Enable Bit 


Direction Register 


pata Exe et b: i | 
TCO 

4 
Serial Clock1 Output C 


Port P47 


Serial 1/01 Mode Select Bit 
Serial I/O1 Enable Bit 
Sroy1 Output Enable Bit 







External Clock1 Input ait 








Data Bus 


Serial Ready1 Output 


Fig. 2.4.1 Port Circuits (2) 
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Ports P54,P55 









Data Bus 






Pulse Output Mode 
Timer Output 





Counter Input 
Interrupt Input 


a oy 
‘ Data Register a? 


D-A Converter Output —»—O~O 
D-A1 output enable bit 





Port P56 





Data Bus 








Port P57 


Data Bus 





D-A Converter Output —»—O “O 
D-A2 output enable bit 


Fig. 2.4.1 Port Circuits (3) 
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Port P6 







Direction Register ae: | 


lane * 


A-D Converter Input —»—O ~O 
Analog input pin select bit 





Port P7o 


Data Bus 





Port P71 


Serial /O2 Transmit Complete Signal 
Serial 1/02 Port Select Bit 
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Port P72 






Data Bus 7 | Data Register _ | Data Register _ S -—_4 i 


Serial Clock2 Output {| External Clock2 Input <a 


Port P73 


SRDY2 Output Enable Bit 






Data Bus 


Serial Ready2 Output 


Port P74~P/7 


Direction Direction Register| 


Data Bus } Data Register | | 


Fig. 2.4.1 Port Circuits (5) 
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2.4.2 Single-chip mode 

The M38063M6-XXXFP/GP has 72 input/output pins. Of these pins, the 32 pins of ports PO to P3 
are affected by the processor mode. 

In single-chip mode, all the ports function as input/output ports. Switch these ports between input 
and output as shown below. 


The registers that determine the input/output direction of the each ports are allocated to the SFR 
area (addresses 000016 to 003Fie) in the zero page. Therefore, the fastest way to write to these 
registers is to use the zero page addressing mode. 

Each bit of a direction register corresponds to one pin, as shown below, and values can be 
written to each individual bit to switch the corresponding pin to either input or output. 


Bit 7 Bit 0 


ae 0s Oe ‘Seek aS GS Port P1 direction register (address 000316) 
yyv¥yvyy¥y¥y ¥ 


P17 Pis6 P15 P14 P13 P12 P11 Pio 


When "0" is written to the bit corresponding to a pin, that pin becomes an input pin; 

when "1" is written to that bit, that pin becomes an output pin. 

At reset, all the direction registers are initialized to "OOi6", setting all of the input/output ports 
to input. 


Example : If "6Bic" is written to the PO direction register (address 0001%1e): 


M38063M6-XXXFP/GP 


Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 


Note that the direction registers should not be read. Do not use the set bit or clear bit 
commands on the direction registers, and do not try to use the direction registers for logical 
operations, arithmetic operations, condition judgements, or address calculations. 





lf data is read from a pin which is set for output, the value of the port latch is read, not the level 

of the pin itself. Even if an external load pulls down the voltage of an output from “H”, or drives 

it up from “L”, the output latch data is still read correctly. 

oF set to input are floating. If a pin which is set to put is written to, only the port latch is written 
, and the pin itself remains floating. 
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2.4.3 Memory expansion mode 
Use memory expansion mode if the internal memory, !/O, or related functions are found to be 


insufficient. 


In this mode, use of the register area relating to ports PO to P3 is disabled, but all of the other 
memory and related functions can be used. 
Once memory expansion mode has been selected, the functions of ports PO to P3 change as shown 


in Table 2.4.3. 


Table 2.4.3 Port Functions in Memory Expansion Mode 


Port name} Function 
Port PO Outputs low-order 8 bits of address 

Port P1 Outputs high-order 8 bits of address 

Port P2 Acts as input/output pins for data Dz ~ Do (including instruction codes) 

and P31 function as output pins (note that the port latch cannot be read) 
is the ONW input pin 


Port P3 P3o 
P32 
P33 
P34 
P35 
P36 
P37 


outputs 
Outputs 
outputs 
outputs 
Outputs 





ad 

Q 

the SYNC signal 
the WR signal 
the RD signal 


External memory can add addresses 000016 to 000716 and 044016 to OFFFis. If an address within 
the area 000816 to 043Fie or AQOOis to FFFFic is read, the internal area is read. If an address within 
the area 000816 to 043Fis or AOO01c to FFFFie is written to, the data is written to both internal and 


external areas. 
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2.4.4 Microprocessor mode 

Microprocessor mode is basically the same as memory expansion mode, except that access to the 
internal ROM area is disabled and the P3s pin acts as the RESETour output pin. Since external ROM 
can be freely added in this mode, it is useful for small production lots and for testing prototypes 
before mass production begins. 

Memory allocations of modes other than single-chip mode are shown in Figure 2.4.2, and the 
functions of ports PO ~ P3 in the different processor modes are shown in Figure 2.4.3. 


000016 000016 
External Memory Area | External Memory Area 


000816 000816 
Ports Ports 


Control Registers Control Registers 


wore Internal RAM we Internal RAM 
01C016 01C016 


044016 044016 
External Memory Area 


CO00 
External Memory Area 
Internal ROM 
FFFF16 


Memory expansion mode Microprocessor mode 





Fig. 2.4.2 Memory Allocations in Non-Single-Chip Modes 
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2 ee ee ee ee 
of 



























Mle 


Single-chip Microprocessor Memory 
Mode Mode a ea 
od 


Internal 


JT LS 








Same as left 
TT LS Same as left 
Address Output 
Internal 


Port P17~P10 
AD15~ADs 
o 


Port P2 a Lio Same as left 


Port P27~P20 Port P27~P20 
Data I/O 
“XK wort ee » Beaeeet 7 
Internal Internal Port P34 
T LU Lo 
Port P37~P30 Port P37 
X I/O Port 
Port P36 
Port P3 | Port P35 
SYNC Output 
Port P32 
erorrem (Biv nour)» 
Port P33 
‘RESETouT / 
Output 
Port P31,P30 
Output Port 
x (in case set for output) 
Fig. 2.4.3 The Function of Ports PO~P3 in Each Processor Mode 














Port PO 
Port PO7~P0o Port PO7~PO0o 
Internal (esetal 
To LU]: 
Port P1 












Port P17~P10 
I/O Port 












Internal 
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same as left 
except that 
P33 outputs "H" 
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2.4.5 Bus control with memory expansion 

The M388063M6-XXXFP/GP has a built-in ONW function to ease access to the extra memory and 
[/O functions that are expanded in memory expansion mode or microprocessor mode. 

lf a “L” level signal is input to the ONW pin when the CPU is in a read or write state, the 
corresponding read or write cycle is extended by one cycle of ¢ During this extended period, the 
RD or WR signal remains “L”. This extension period is valid only when writing to and reading from 
addresses 000016 to 000716 and 044016 to FFFFise. Only read and write cycles are extended. 








Dummy Write Read Dummy 


Read Cycle Cycle , Cycle Cycle Cycle 


Write Cycle 


AD15s~ADo & _| 


* : ONW Input Signal ACeepiabla Period 

The ONW signal must be stably "H" or "L" during this period. In other periods, it does 
not matter whether the ONW signal input level is high or not. 

Also note that when the address is at 000816~043F 16, the ONW signal is not accepted, 
and the bus cycle is not extended. 





Fig. 2.4.4 ONW Function Timing 


M38063M6-XXXFP/GP Slow Access Time Memory 


lf a peripheral device with a slower access time is 
to be connected to the M38063M6-XXXFP/GP, 
connect the ONW pin to the address decoder 
output (active "L") of the device as a simple means 
of extending the bus cycle by one cycle. In this 
case, do not input the ¢, RD, and WR signals to 
the address decoder. 


(Address 400016~7FFF 16) 





Fig. 2.4.5 Example of Circuit Using the ONW Function 
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2.5 Interrupts 

Interrupts are used in the following cases: 

¢ When a process which is more important than the currently executing process routine is requested. 
« When a process must be executed at a specific time. 


The MS38063M6-XXXFP/GP can be interrupted by 16 sources. These interrupts are vectored 
interrupts with a fixed priority sequence. If two or more interrupts are requested in the same 
sampling period, the interrupt with the higher priority is accepted. The priority sequence is 
determined in hardware, but interrupts can be processed in a different order by using the interrupt 
request bits and interrupt disable flag. 

Interrupt sources, interrupt vector addresses, and interrupt priorities are listed in Table 2.5.1. 


Table 2.5.1 Interrupt Vector Addresses and Priorities 





High-order byte | Low-order byte 
1 Non-maskable 
2 External event interrupts 
3 (active edge selectable) 
4 Valid only when serial 1/01 
5 function is selected 
6 FFF 316 
7 
8 
9 | Timer 2 interrupt 
10 | CNTRo interrupt External event interrupts 
141. | CNTR: interrupt (active edge selectable) 


12 Serial 1/O2 interrupt 
13 INT2 interrupt 
14 INTs interrupt 


External event interrupts 
(active edge selectable) 


15 INTs interrupt FFE116 FFEQt6 
16 A-D conversion interrupt FFDFi16 FFDE16 


17 BRK instruction interrupt FFDDie | FFDCte Non-maskable software 
| interrupt | 


Note : Reset is included in this table because it functions in the same way as an interrupt. 
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2.5.1 Interrupt sources | 

The various interrupt Sources are described below. 

(1) INTo, INT1, INT2, INTs, and INTs interrupts 
An interrupt request is generated when a level-transition from either “H” to “L” or from “L” to “H” 
is detected at the INTo, INT1, INT2, INTs, or INTs pin. The active edge can be selected by the 
corresponding bit (0, 1, 3, 4, and 5) of the interrupt edge selection register (address O003A\e). 
The interrupt edge selection register is cleared to “0016” by a reset, so requests for INTo, INT1, 
INT2, INTs, and INTs interrupts are generated after a reset when falling edges are detected at the 
corresponding pins. | | 
The INTo, INT1, INT2, INTs, and INTs pins also function as the P42, P4s, and P5: ~ P53 pins. No 
special operation is necessary for selecting INT input pins; the edges at the P42, P4s, and P51 
~ P53 pins are always detected. 


Table 2.5.2 Structure of Interrupt Edge Selection Register 


bit 0 
|__| _| Interrupt edge selection register (address 003A16) 


INTo active edge switch bit 
INT1 active edge switch bit 


This bit is not used; 
it returns "0" when read. 


INT2 active edge switch bit 
INT3 active edge switch bit 
INT4 active edge switch bit 


0 : Interrupt at falling edge 
1 : Interrupt at rising edge 


These bits are not used; 
they return "O" when read. 





(2) Timer 1, timer 2, timer X, and timer Y interrupts 
If the contents of timer 1, timer 2, timer X, or timer Y become “OO16”, an interrupt request is 
generated when the next count pulse is input to that counter. 

(3) CNTRo and CNTR: interrupts 
An interrupt request is generated when a level-change from either “H” to “L” or from “L” to “H” 
of the CNTRo or CNTR: pin is detected. The active edge can be selected by the corresponding 
bit (2 and 6) of the timer XY mode register (address 002316). 
The timer XY mode register is cleared to “OQi1e” by reset, so requests for CNTRo and CNTR: 
interrupts are generated after a reset when falling edges are detected at the corresponding pins. 
The CNTRo and CNTR: pins also function as the P54 and P5s pins. No special operation is 
necessary for selecting CNTR input pins; the edges at the P54 and P5s pins are always detected. 
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(4) Serial 1/01 receive interrupt 
When data has all arrived in the receive shift register, and the contents of the shift register are 
transferred to the receive buffer, an interrupt request is generated. 
Receive interrupts are valid only when the serial 1/O1 function is enabled. 

(5) Serial 1/01 transmit interrupt 
The timing at which a transmit interrupt request is generated can be selected by the transmit 
interrupt source select bit (TIC), bit 3 of the serial 1/O1 control register (address 001Aie). | 
Transmit interrupts are valid only when the serial 1/O1 function is enabled. 
Note that transmit enable status (transmit buffer empty, transmit shift completed) bits are set if 
the transmit enable bit is set to enable, so an interrupt request is generated without regard to 
the TIC bit. 


Table 2.5.3 Selection of Interrupt Source by TIC 
TIC Interrupt source 


"OQ" An interrupt request is generated when data written to the transmit buffer is transferred to 
the transmit shift buffer, and the transmit buffer becomes empty 

na Am interrupt request is generated when the shift operation of the transmit shift register is 
completed 


(6) Serial 1/O2 interrupt 
An interrupt request is generated at the same time that the contents of the serial I/O counter 2 
reach “0”. 

(7) A-D conversion interrupt | 
An interrupt request is generated at the same time that A-D conversion is completed. 

(8) BRK instruction interrupt 
The BRK interrupt has the lowest priority of software interrupts; it does not have a corresponding 
interrupt enable bit and the interrupt disable flag has no effect on it (it is non-maskable). 


For further details of the various interrupts, see the sections on the corresponding functions. 
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Table 2.5.4 Structure of Timer XY Mode Register 





bit 7 bit 0 


pede A dee ed Timer XY mode register (address 002316) 


Timer X operation mode bit 
00 : Timer mode 
01 : Pulse output mode 
10 : Event counter mode 
11 : Pulse width measurement mode 
CNTRo active edge selection bit 
Q : Interrupt at falling edge 
Count at rising edge (Event counter mode) 
1: Interrupt at rising edge 
Count at falling edge (Event counter mode) 
Timer X count stop bit 
0 : Count start 
1 : Count stop 
Timer Y operation mode bit 
00 : Timer mode 
01 : Pulse output mode 
10 : Event counter mode 
11 : Pulse width measurement mode 
CNTR: active edge selection bit 
0 : Interrupt at falling edge 
Count at rising edge (Event counter mode) 
1 : Interrupt at rising edge 
Count at falling edge (Event counter mode) 
Timer Y count stop bit 
0 : Count start 
1 : Count stop 
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Table 2.5.5 Structure of Interrupt Request Registers 


bit 7 bit O 


SSRs Interrupt request register 1 (address 003Cie) 


INTo interrupt request bit 

INT: interrupt request bit 

Serial 1/O1 receive interrupt request bit 
Serial 1/O1 transmit interrupt request bit 
Timer X interrupt request bit 

Timer Y interrupt request bit 

Timer 1 interrupt request bit 

Timer 2 interrupt request bit 


Interrupt request register 2 (address 003Di1e) 


CNTRo interrupt request bit 

CNTR: interrupt request bit 

Serial 1/O2 interrupt request bit 

INT2 interrupt request bit 

INTs interrupt request bit 

INTs interrupt request bit 

A-D conversion interrupt request bit 

This bit is not used; it returns “O” when read. 


0 : No interrupt request issued 
1 : Interrupt request issued 
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Table 2.5.6 Structure of Interrupt Control Registers 





bit 7 bit O 


SaaS e eae Interrupt control register 1 (address 003E16) 


INTo interrupt enable bit 

INT: interrupt enable bit 

Serial 1/01 receive interrupt enable bit 
Serial 1/01 transmit interrupt enable bit 
Timer X interrupt enable bit 

Timer Y interrupt enable bit 

Timer 1 interrupt enable bit 

Timer 2 interrupt enable bit 


Interrupt control register 2 (address 003Fie) 


CNTRo interrupt enable bit 

CNTR: interrupt enable bit 

Serial 1/O2 interrupt enable bit 

INT2 interrupt enable bit 

INTs interrupt enable bit 

INTs interrupt enable bit 

A-D conversion interrupt enable bit 

This bit is not used; it returns “O” when read. 
Do not write “1” to this bit. 


0 : Interrupt disabled 
1 : Interrupt enabled 
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2.5.2 Interrupt control 


Interrupt Request Bit 
Interrupt Enable Bit 


Interrupt Disable Flag (1) 


BRK Instruction Interrupt Request 
Reset 





Fig. 2.5.1 Interrupt Control 


Each interrupt is controlled by its interrupt request bit, its interrupt enable bit, and the interrupt 
disable flag, as shown in Figure 2.5.1, except for the software interrupt set by the BRK instruction. 
The control bits and the control flag are independent. An interrupt is generated when the 
corresponding interrupt request and enable bits are “1” and the interrupt disable flag is “0”. 


(1) Interrupt request bits 
The interrupt request bits are located in interrupt request registers 1 and 2 (addresses 003Ci6 and 
003Die). 
When an interrupt is generated, the request bit corresponding to that interrupt is set to “1”. The 
interrupt request bit remains set until the time that the interrupt is serviced. They can be cleared 
in software as well. These bits cannot be set by software. 

(2) Interrupt enable bits 
The interrupt enable bits are located in interrupt control registers 1 and 2 (addresses O03E16 and 
O03F 16). 
These bits control the acceptance of interrupts. When the bit corresponding to an interrupt is “0”, 
the acceptance of that interrupt is disabled; when the bit is “1”, the corresponding interrupt is 
enabled. 

(3) Interrupt disable flag (l) 
The | flag is allocated to bit 2 of the processor status register. This flag disables all interrupts 
except the BRK instruction interrupt. 
When the interrupt disable flag is set to “1”, interrupts are disabled; when it is cleared to “0”, 
interrupts are enabled. Use the SEl instruction to set the interrupt disable flag, and the CLI 
instruction to clear it. 
Once the interrupt service routine has started, the | flag is automatically set and concurrent 
interrupts are disabled. In order to allow multiple interrupts, this flag must be cleared by the CLI 
instruction within the interrupt service routine. 


2-29 


FUNCTIONAL DESCRIPTION | 
2.5 Interrupts 





2.5.3 Interrupt sequence 

When an interrupt is received, the currently executing process is temporarily halted and the 
appropriate interrupt service routine is executed: Before an interrupt service routine can be executed, 
a jump destination address must be set in the vector table to correspond to the interrupt. After the 
interrupt service routine ends, the program flow must allow the previous process to continue. 
When the M38063M6-XXXFP/GP accepts an interrupt, it automatically pushes the high-order bits of 
the program counter, the low-order bits of the program counter, and the contents of the processor 
status register onto the stack. (A push consists of storing data in the stack address and 
decrementing the stack pointer.) Interrupt inhibit flag | is set and the program counter is set to the 
address specified in the vector table. The corresponding interrupt request flag is cleared 
automatically. 

Figure 2.5.2 shows the changes in the stack pointer and program counter when an interrupt is 
serviced. 


Program Counter 


PCL Program Counter (L) nterubt Enable Stack (in Zero Page) 
PCH Program Counter (H) 


Stack Pointer 
(S) 


Interrupt 
Accept 


Program Counter Stack (in Zero Page) 


PCL] Loaded values of the vector 
address corresponding to the Interrupt Disable (S)-3 [Sana 
PCx| accepted interrupt. Processor Status Register 


Program Counter (L) 
Geos Program Counter (H) 


(S)-3 





Fig. 2.5.2 Stack Pointer and Program Counter Change in Interrupt Sequence 
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2.5.4 Timing after interrupt | 

An interrupt service routine starts at the machine cycle following the end of the currently executing 
instruction. 

The timing after an interrupt is accepted and is serviced is shown in Figure 2.5.3, and the time until 
the interrupt service routine starts is shown in Figure 2.5.4. 


> <<) CS Cd CoC, 


Note: Vector L and vector H are the addresses where the jump destination is stored, and 
ADL and ADH are the values of those addresses. For details of jump destination 
addresses, see Table 2.5.1. 





Fig. 2.5.3 Timing after Interrupt 


Interrupt Request 


[————_ 


23 to 7 Cycles (9.2 to 2.8us, in 5MHz clock operation) 


Interrupt Processing 
Routine 


Maximum 16 cycles” 2 cycles, 5 cycles, 

Minimum 0 cycles dummy cycles stack push 
for pipeline and 
postprocessing vector fetch. 


* : For DIV instruction execution 





Fig. 2.5.4 Execution Time prior to Interrupt Service Routine 
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2.6 Timers 
The M38063M6-XXXFP/GP has four built-in timers: timer X, timer Y, timer 1, and timer 2. A block 
diagram of these timers is shown in Figure 2.6.1. 


2.6.1 Timer blocks | : 

Each timer has an 8-bit timer latch, and each of the prescalers has an 8-bit prescaler latch. Divide 
ratios can be determined by the contents of a latch. Timer 1 and timer 2 share a prescaler. 
The timers and prescalers can be written to and read from at any time. 


(1) Timer X 
Timer X can be set to any of the four modes listed below by setting the timer X mode bits (bit 
0 and bit 1) of the timer XY mode register (address 002316). If the timer X count stop bit (bit 
3) of the timer XY mode register is set to “1”, timer X’s count stops in all four modes. 
¢ Timer mode 
« Pulse output mode 
¢ Event counter mode 
¢ Pulse width measurement mode 
(2) Timer Y 
Timer Y can be set to any of the four modes listed below by setting the timer Y mode bits (bit 
4 and bit 5) of the timer XY mode register. If the timer Y count stop bit (bit 7) of the timer XY 
mode register is set to “1”, timer Y’s count stops in all four modes. 
¢« Timer mode 
¢ Pulse output mode 
¢ Event counter mode 
¢ Pulse width measurement mode 
(3) Timer 1, timer 2 
Timer 1 and timer 2 can only be used in timer mode. 
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_ Timer Y Interrupt 


CNTRi Polarity Request Bit 
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Timer Y Count 
Stop Bit 


Event Counter 
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CNTR1 Interrupt 
Request Bit 





CNTRi Polarity 
Switch Bit 


- O) 
<a O __ Toggle Flip Flop 
— ! R 
a 
I Port P55 Latch 
C) 


Direction Register 


Pulse Output 
Mode 





Writing to Timer Y Latch 
\2— Pulse Output Mode 


Timer 2 Interrupt 
Request Bit 


Timer 1 Interrupt 


Request Bit 


Fig. 2.6.1 Block Diagram of Timer X, Timer Y, Timer 1, and Timer 2 
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Table 2.6.1 Structure of Timer XY Mode Register 


bit 7 bit 0 


pobe kW bebe Timer XY mode register (address 002316) 


Timer X operation mode bit 
00 : Timer mode 
O01 : Pulse output mode 
10 : Event counter mode 
11 : Pulse width measurement mode 
CNTRo active edge selection bit 
0 : Interrupt at falling edge 
Count at rising edge (Event counter mode) 
1 : Interrupt at rising edge | 
Count at falling edge (Event counter mode) 
Timer X count stop bit 
0 : Count start 
1 : Count stop 
Timer Y operation mode bit 
00 : Timer mode 
01 : Pulse output mode 
10 : Event counter mode 
11 : Pulse width measurement mode 
CNTR: active edge selection bit 
O : Interrupt at falling edge 
Count at rising edge (Event counter mode) 
1 : Interrupt at rising edge 
Count at falling edge (Event counter mode) 
Timer Y count stop bit 
0 : Count start 
1 : Count stop 


Note : At reset, the timer XY mode register is cleared to “OOt6”. 
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2.6.2 Timer operation 

The timers all count down. When a timer underflows (the count pulse after the timer reaches “O016”) 
the contents of the corresponding timer latch are reloaded into the timer and the interrupt request 
bit is set. Addresses and initial timer and prescaler values after reset is shown in Table 2.6.2. A 
value written into a timer or prescaler is written simultaneously into both the latch and the counter. 
When a value is read from a timer or prescaler, the value in the counter at the time of the read 
is returned. The divide ratio of a timer or prescaler is given by 1/(n+1), where n is the value of 
the timer or prescaler (n = 0 ~ 255). 

When the STP instruction is executed, “0116” is written to timer 1 and the timer 1 latch, and “FFie” 
is written to prescaler 12 and the prescaler 12 latch. 


Table 2.6.2 Timer and Prescaler Memory Map and Initial Values after Reset 


Prescaler Address | Initial value =| Timer Initial value 
Prescaler X 002416 | FFie6 | Timer X 002516 FFie 








Prescaler Y 002616 | FRFis | Timer Y 002716 FF 16 
Prescaler 12 002016 | FFi6 Timer 1 002116 O116 
| | Timer 2 002216 FFi6 


Prescaler 
Count Source 


Prescaler Contents 


Timer Count Source 
( Prescaler Underflow) 


Timer Contents 


Timer Underflow 


Timer Interrupt Request Bit Set 


n : Value set in prescaler and prescaler latch. 
m : Value set in timer and timer latch. 





Fig. 2.6.2 Prescaler and Timer Count Operations 
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2.6.3 Timer mode 

(1) Count source 
The count is based on the oscillation frequency divided by 16. 

(2) Operation 
Each time a timer underflows, the corresponding timer interrupt request bit is set to “1”, the 
contents of the timer latch are loaded into the timer, and the count continues. 


2.6.4 Pulse output mode 

(1) Count source 
The count is based on the oscillation frequency divided by 16. 

(2) Operation 
Each time a timer underflows, the output of the CNTRo (or CNTR:1) pin is inverted, the 
corresponding timer interrupt request bit is set to “1”, the contents of the timer latch are loaded 
into the timer, and the count continues. In this way, a square wave with a 50% duty ratio is output 
from the CNTRo (or CNTR:) pin. 

(3) Output pins 
¢ Timer X : CNTRo pin 
¢ Timer Y : CNTR: pin 

(4) Initial values of output 

Timer | Selection bit | Initial output value 


CNTRo active edge selection bit O : Initial value “H” 
CNTR: active edge selection bit 1: Initial value “L” 













Timer Y 


(5) Notes on use 
1.When using pulse output mode, set the bit corresponding to P54 (CNTRo) or P5s (CNTR:) in 
the port P5 direction register (bit 4 or bit 5 of address 000Bis) to “1” (output status). 
2.lf the bit corresponding to P54 (CNTRo) or P5s (CNTR:) in the port P5 register (bit 4 or bit 5 
of address OO00A1s) is read while pulse output mode is being used, the current output value is 
read, not the contents of the data register. 


2.6.5 Event counter mode 
(1) Count source 
¢ Timer X : Input from CNTRo pin 
¢ Timer Y : Input from CNTR: pin 
(2) Operation 
Each time a timer underflows, the corresponding timer interrupt request bit is set to “1”, the 
contents of the timer latch are loaded into the timer, and the count continues. 


Timer Selection bit Operation 


Timer X CNTRo active edge selection bit) 0 : Count at rising edge of input from CNTRo pin 
1 : Count at falling edge of input from CNTRo pin 
Timer Y CNTR: active edge selection bit} 0 : Count at rising edge of input from CNTR: pin 
1 : Count at falling edge of input from CNTR: pin 





(3) Note on use 
When using event counter mode, set the bit corresponding to P54 (CNTRo) or P5s (CNTR) in the 
port P5 direction register (bit 4 or bit 5 of address O00Bis6) to “0” (input status). 
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2.6.6 Pulse width measurement mode 

(1) Count source 
The count is based on the oscillation frequency divided by 16. 

(2) Operation 
e When the CNTRo (CNTR:) active edge selection bit is “0”: 
While the input level of the CNTRo (CNTR:) pin is “H”, the count source is counted. When the 
input level of the CNTRo (CNTR:) pin changes from “H” to “L”, the timer stops counting and a 
CNTRo (CNTR:) interrupt request is generated. When the input level of the CNTRo (CNTR:) pin 
returns to “H”, the count restarts. 
« When the CNTRo (CNTR:) active edge selection bit is “1”: 
While the input level of the CNTRo (CNTR1) pin is “L”, the count source is counted. When the 
input level of the CNTRo (CNTR:) pin changes from “L” to “H”, the timer stops counting and a 
CNTRo (CNTR). interrupt request is generated. When the input level of the CNTRo (CNTR) pin 
returns to “L”, the count restarts. 
Each time a timer underflows, the corresponding timer interrupt request bit is set to “1”, the 
contents of the timer latch are loaded into the timer, and the count continues. 

(3) Measurement pins 
¢ Timer X : CNTRo pin 
¢ Timer Y : CNTR: pin 

(4) Levels of measurement pins 


Timer Selection bit |__ Pin level 
Timer X CNTRo active edge selection bit 0 : “H” level 
Timer Y CNTR: active edge selection bit 1: “L” level 


(5) Notes on use 
1. When using pulse width measurement mode, set the bit corresponding to P54(CNTRo) or P55 
(CNTR:1) in the port P5 direction register (bit 4 or bit 5 of address O00Bie) to “O” (input status). 
2. If the value of the P54 or P5s pin is set as an input pin, it is read normally without regard 
to the value of the CNTRo (CNTR) active edge switch bit. 
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2./ Serial 1/01 


In the M38063M6-XXXEP/GP, the user can select either clock synchronous or asynchronous (UART) 
serial I/O for the serial 1/01 function. The two methods are described in sequence below. 


2.7.1 Clock synchronous serial 1/01 | 
Select clock synchronous serial I/O mode by setting the serial 1/01 mode select bit of the serial 
/O1 control register (bit 6 of address 001Aic) to “1” (see Table 2.7.1). The clock synchronous serial 
/O1 function is outlined below. 
¢ Transfer method | 
Either half duplex or full duplex data transfer can be selected. 
« Synchronization clock 
Either the internal clock or an external clock can be selected by setting the serial 1/O1 
synchronization clock select bit (bit 1) of the serial 1/01 control register. 






Synchronization clock 

e Internal clock (when serial I1/O1 synchronization clock select bit is “O”) 
The clock is the BRG output divided by four. 

e External clock (when serial 1/01 synchronization clock select bit is “1”) 

An external clock input from the Sc.x: pin is selected (max. 1.25MHz). 







A block diagram of the clock synchronous serial 1/O1 function is shown in Figure 2.7.1, and the 
individual blocks are described below. | . 


ca 16 
2 Serial |/O1 Control Register 

pa Address 001816 
Receive Buffer Register Receive Buffer Full Flag (RBF) 


P44/RxD o Receive Shift Register Receive Interrupt Request (RI) 
Shift Clock — 
Clock Control Circuit 


SN 
P46/SCLK1 a act 


ividi io Synchronization Clock 
BRG Count Source eee ae Ratio Sync | 
: (n+1) Select Bit 

Select Bit 


(XIN) F D Baud Rate Generator 1/4 NS 


Address 001C16 
1 1/4 


P47/SRDY1e 


Fall Detect Clock Control Circuit 
P4s5/TxDe Transmit Shift Register Transmit Shift Register 


Shift Completion Flag (TSC) 


os Transmit Interrupt & Transmit Interrupt Request (T1) 
Bos Source Select Bit 
Transmit Buffer Register Transmit Buffer Empty Flag (TBE) 
2 Address 001816 
on = Serial /O1 Status Register 
= Z Address 001916 


me: Select Gate : At reset, shaded side is connected. 





Fig. 2.7.1 Block Diagram of Clock Synchronous Serial 1/01 Function 
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(1) Baud rate generator (BRG) (address 001Cie) 
The BRG is a dedicated 8-bit timer used as a baud rate generator for the serial 1/O1 function. 
When the internal clock is selected as the synchronization clock, the shift clock is the BRG output 
divided by four. A block diagram of the BRG is shown in Figure 2.7.2. 
Note that the clock input to the BRG can be selected by setting the BRG count source select 
bit of the serial 1/01 control register. 


fia Reload Latch 
, 


/4 


Serial 1/O1 
B BRG if Receive/Transmit Shft Clock 


BRG Count Source 


Select Bit < 
Scik1O » 
> 


Serial 1/01 Synchronization 
Clock Select Bit 





Fig. 2.7.2 Block Diagram of Baud Rate Generator 
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(2) Serial 1/01 control register (address 001A\te) 
The serial 1/01 control register contains bits which control the various serial 1/O1 functions. All 
bits can be read from and written to by software. At reset, this register is cleared to “OOie’, 
disabling serial 1/O1. 
The structure of the serial 1/O1 control register is shown in Table 2.7.1. 
The serial I/O1 control register determines whether pins P44 to P47 are used as ordinary input/ 
output ports or as serial I/O1 function pins. The setting of the serial 1/O1 status register also 
affects these pins. 
The control functions specified by the serial 1/O1 control register are described in Table 2.7.2. 


Table 2.7.1 Structure of Serial 1/O1 Control Register 


bit 7 bit O 


na Bree eae Serial 1/O1 control register (address 001 Ais) 


BRG count source select bit 

O : Oscillation frequency f(Xin) 

1 : Oscillation frequency f(Xin) divided by 4 

Serial 1/01 synchronization clock select bit 

O : BRG output divided by 4 

1 : External clock input 

Srov1 Output enable bit 

0 : Sroy: output disabled 

1 : Srov: output enabled 

Transmit interrupt source select bit 

O : Interrupt when transmit buffer has emptied 

1 : Interrupt when transmit shift operation is 
completed 

Transmit enable bit 

0 : Transmit disabled 

1 : Transmit enabled 

Receive enable bit 

0 : Receive disabled 

1 : Receive enabled 

Serial 1/O1 mode select bit 

0 : Clock asynchronous serial |/O 

1 : Clock synchronous serial |/O 

serial 1/01 enable bit 

O : Serial I/O disabled 

1 : Serial 1/O enabled 
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Table 2.7.2 Control Functions of Serial 1/01 Control Register 


Bit 1 (serial 1/O1 synchronization clock select bit) and Pin P4.e* 


10 |BRG output divided by 4/ Pin P4s can be used as a synchronization clock output pin 
}1 |External clock input Pin P4s can be used as an external clock input pin 


Bit 2 (Srov: Output enable bit) and Pin P47’ 
/0|Srov1 output disabled Pin P47 can be used as an ordinary input/output pin 
11 |Srov1 output enabled Pin P47 can be used as the Sroy: signal output pin 








Bit 4 (transmit enable bit) and Pin P4s’ 


/0 [Transmit disabled Pin P4s can be used as an ordinary input/output pin 
/1 [Transmit enabled Pin P4s can be used as the serial data output pin 


Bit 4 (transmit enable bit) and the serial 1/O1 status register 


0 |/Transmit disabled | Bits 0 and 2 of serial I/O1 status register are cleared 


1 |Transmit enabled | Bits O and 2 of serial 1/01 status register are valid 


Bit 5 (receive enable bit) and Pin P4a* | 
10 [Receive disabled | Pin P4a can be used as an ordinary input/output pin 


11 |Receive enabled 'Pin P4a can be used as a serial data input pin 


Bit 5 (receive enable bit) and the serial l/O1 status register 
10 [Receive disabled Bits 1, 3, 4, 5, and 6 of serial I/O1 status register are cleared 


'1 [Receive enabled Bits 1 and 3 of serial I1/O1 status register are valid 


Bit 7 (serial 1/01 enable bit) and the serial I/O1 status register 
| 
| 


0 [Serial I/O disabled Bits 1, 3, 4, 5, and 6 of serial 1/01 status register are cleared 
1 |Serial I/O enabled | Bits 1 and 3 of serial I/O1 status register are valid 


*: The function changes for pins P44 to P47 are valid only when the serial 1/O1 enable bit is 
“1” (enabled). 
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(3) Serial 1/01 status vagistat (address 001916) 
The serial 1/01 status register consists of seven flags which indicate the transmit/receive status 
of serial 1/O1. It is a read-only register. 
At reset, the serial 1/O1 status register is set to “8016”. 


Table 2.7.3 Structure of Serial 1/01 Status Register 


Serial 1/O1 status register (address 001916) 


Transmit buffer empty flag 

O : Buffer full 

1 : Buffer empty 

Receive buffer full flag 

O : Buffer empty 

1 : Buffer full 

Transmit shift register shift completion flag 

O : Transmit shift in progress 

1 : Transmit shift completed 

Overrun error flag 

O : No overrun error 

1 : Overrun error occurred 

These bits are all invalid when clock synchronous 
serial 1/O1 is selected 

This bit is not used; it returns “1” when read 





- Bit 0 : transmit buffer empty flag (TBE) | 
The TBE flag indicates the status of the transmit buffer. It is set to “1” when data written to the 
transmit buffer is transferred to the transmit shift register, and it is cleared to “O” when data is 
written into the transmit buffer. 
¢ Bit 1 : receive buffer full flag (RBF) 
The RBF flag indicates the status of the receive buffer. It is set to “1” when data accumulated 
in the receive shift register is transferred to the receive buffer, and it is cleared to “O” when data 
is read out of the receive buffer. 
Bit 2 : transmit shift register shift completion flag (TSC) 
The TSC flag indicates the operating status of the transmit shift register. It is cleared to “0” when 
the transmit shift operation starts, and it is set to “1” as soon as the transmit shift operation is 
completed. 
¢ Bit 3 : overrun error flag (OE) 
The OE flag is set to “1” if there is still data in the receive buffer when the next character has 
accumulated in the receive shift register during continuous serial data reception. 
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(4) Transmit shift register (TSR) and transmit buffer (TB) 
The transmit shift register and transmit buffer are 8-bit registers. 
Data written to the transmit buffer, is transferred to the transmit shift register and is output from 
the transmit shift register. During transmission the transmit buffer is empty so the next character 
to be transmitted can be written into the transmit buffer during this time. 

(5) Receive shift register (RSR) and receive buffer (RB) 
The receive shift register and receive buffer are each 8-bit registers. 
When data has accumulated in the receive shift register, the data is transferred to the receive 
buffer. The receive buffer can be read normally. When data is transferred to the receive buffer, 
the receive shift register is empty and it can accept the next character. 
Note that in the serial !/O1 function, the receive buffer and the transmit buffer are located at the 
same address (address 001816). Reads from that address will read the receiver buffer; writes to 
that address will write to the transmit buffer. 

(6) Reception method 
Setting the serial 1/O1 control register as shown below will enable the receive status of the 
M38063M6-XXXFP/GP. 


Initialization sequence for serial 1/O1 control register 
1. Set the serial 1/O1 enable bit to enabled (“1”). 
2. Select either internal or external clock with the synchronization clock select bit. 





3. Set the receive enable bit to enabled (“1”). 


Note that the following settings are also necessary if receive interrupts are to be used: 

1. Clear the receive interrupt request bit to “0”. 

2. After step 1, set the receive interrupt enable bit to “1”. 
In the serial 1/01 function, the Saoy: signal is output when the receive status is enabled. To 
enable the output of the Sarpy: signal, the following steps should be added to the initialization of 
the serial 1/01 control register: 

1. Set the Sroyi output enable bit to “1”. 

2. Set the transmit enable bit to “1”. 
Once the receiver initialization is complete, write to the receive/transmit buffer. (For full duplex 
data transfer, write transmit data; for half duplex data transfer, write dummy data). AS soon as 
this data is written, the Saoy: signal will change from “H” to “L”, and will output the receive 
enabled status. 
The Sapy1 pin returns to a “H” level at the first falling edge of the synchronization clock. 
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(7) Receiver operation 
1. Receive data input through the RxD pin is read into the receive shift register one bit at a time, 
LSB first, at the rising edge of the shift clock. 
2. When a full character has accumulated in the receive shift register, that character is transferred 
to the receive buffer. 
3. The receive buffer full flag and the receive interrupt request bit are set to “1”. 


The receive buffer full flag is cleared to “O” when data has been read from the receive buffer. 
The receive interrupt request bit is cleared when the receive interrupt processing sequence starts. 
Note that the overrun error flag of the serial 1/O1 status register will be set to “1” if the receive 
shift register fills while there is still an unread character in the receive buffer. In this case, the 
data in the receive shift register is not transferred to the receive buffer, and the character in the 
receive buffer is held. 


Operation Number 


SUL eee Le Le foe pte foe [or |e 


Shift Clock Receive Shift Register 





Fig. 2.7.3 Serial 1/01 Receiver Operation 
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(8) Transmission method 
Setting the serial 1/O1 contro! register as shown below puts the M38063M6-XXXFP/GP_ in 
transmit enabled status. 


Initialization Sequence for serial 1/O1 control register 
1. Set the serial I1/O1 enable bit to “1”. 
2. Select either internal or external clock with the clock select bit. 





3. Set the transmit enable bit to “1”. 


Note that the following settings are also necessary if transmitter interrupts are to be used: 

1. Clear the transmit interrupt request bit to “OQ”. 

2. Set the transmit interrupt enable bit to “1". 
Once the above transmitter initialization is complete, write transmit data to the receive/transmit 
buffer. If the internal clock is selected, a write generates eight shift clocks. 

(9) Transmitter operation 

. If data is written to the transmit buffer, the transmit buffer empty flag is cleared to “OQ”. 

2. The data written to the transmit buffer is transferred to the transmit shift register. 

3. The data transferred to the transmit shift register is output from the TxD pin one bit at a 
time, at the falling edges of the shift clock. 

4. The data is output from the transmit shift register, starting with the LSB, and is shifted each 
time one bit is output. 

5. Once the transmit shift operation starts, the transmit shift register shift completion flag of the 
serial 1/O1 status register is cleared to “OQ”. If the internal clock is selected and data is written 
to the transmit buffer at this time, the following data will be output at the shift clock cycle 
immediately following the end of the current data. 

6. The transmit shift register shift completion flag is set to “1” as soon as the transmit operation 
is completed. 


ok, 


The transmit buffer empty flag is set at step 2, allowing the next character to be written to the 
transmit buffer while the current data is being sent. 

A transmit interrupt request is generated at step 2 if the transmit interrupt source select bit is set 
to “O”, or at step 6 if the bit is set to “1”. 


Operation Number 


MSB LSB 


[or |e [os | os Js |e | os | De 


Shift Clock Transmit Shift Register 





Fig. 2.7.4 Serial 1/O1 Transmitter Operation 
i a a a RIN RS nA Tare RE SEY x Tae Nae a Oe Maa a Ne a eo TO ag ge as BSE 
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(10) If an overrun error occurs 

An overrun error occurs if a character has accumulated in the receive shift register while there 

is still data in the receive buffer. 

When an overrun error occurs, the data in the receive shift register is not transferred to the 

receive buffer, and the character in the receive buffer is held. The data in the receive shift register 

becomes inaccessible, even if the data in the receive buffer is read out. 

When an overrun error occurs, the overrun flag of the serial 1/01 status register should be cleared 

and then the receiver should be initialized. 

Clear the overrun error flag by any of the following actions: 

¢ Set the serial 1/O1 enable bit to “OQ”. 

* Set the receive enable bit to “0”. 

¢ Write dummy data to the serial l/O1 status register. 

(11) Notes on clock selection 

Either the internal clock or an external clock can be selected as the synchronization clock of the 

serial 1/O1 function. Note the following points if selecting an external clock when clock 

synchronization has been selected: 

1. If the external clock source has a 50% duty cycle, use a clock of 1.25MHz or less. 
lf the duty cycle is different, make sure that the “H” and “L” widths are at least 400ns for f(Xin) 
= 5MHz. 

2. The shift operation of the transmit or receive shift register will continue as long as the 
synchronization clock is input to the serial 1/O1 circuit, so the synchronization clock should only 
provide eight pulses per character. 
lf the internal clock is selected, the synchronization clock stops automatically when shifting is 
complete. 

3. If an external clock is selected for data transmission, set the transmit enable bit to “1” and 
write to the transmit buffer with Scix: held “H”. 


Transmit/Receive Shift Clock 
1/2~1/2048 of Internal Clock 
or External Clock 


Serial Output TxD C Do «Del X_Ds_ X_Da XX _Ds XX De XX_D7 


Serial Input RxD C Do X_Di X_D2 Ks KX_ Da KX Ds X_De XX _D7 > 


Receive Enable Signal Srapy1 


Write Signal to Address 001816 
Transmit/Receive Buffer Register 


RBF=1 
TSC=1 


Overrun error (OE) detected. 


Note 1: Use the transmit interrupt source select bit (TIC) in the serial 1/01 control register to specify whether to generate a 
transmit interrupt (Tl) when the transmit buffer becomes empty (TBE=1) or when transmit shift operation completes 
(TSC=1). | 

Note 2: If data is written in the transmit buffer register when TSC=0, transmit clock is generated continuously and serial data 
is Output continuously from the TxD pin. 

Note 3: The receive interrupt (R!) is set when the receive buffer full flag (RBF) is set. 





Fig. 2.7.5 Timing of Clock Synchronous Serial 1/O1 Function 
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(12) Clock synchronous serial 1/01 connection examples 
Examples of connections for clock synchronous serial I/O1 are shown in Figures 2.7.6, and 2.7.7. 


Transmission side Reception side 


Transmission side Reception side 





Fig. 2.7.7 Connection for Single Direction 
Fig. 2.7.6 Connection for Full Duplex Data Data Transfer 
Transfer 


2-47 


FUNCTIONAL DESCRIPTION 
| 2.7 Serial 1/01 


2.7.2 Clock asynchronous serial I/O (UART) 

select clock asynchronous serial 1/0 mode (UART) by clearing the serial 1/01 mode select bit of 

the serial 1/O1 control register to “0”. The clock asynchronous serial |/O function is outlined below. 

¢ Data format 
The following bit configurations can be selected from the UART control register (see Table 2.7.8): 






Data format 
¢ Start bit (ST) : 1 bit 

¢ Data bits (DATA) : 7 or 8 bits 
¢ Parity bit (PAR) : None or 1 bit 
¢ Stop bit(s) : 1 bit or 2 bits 










¢ Synchronization clock 7 
Either the internal clock or an external clock can be selected by setting the serial 1/O1 
synchronization clock select bit of the serial I/O1 control register. 


Synchronization clock 
e Internal clock (when serial 1/O1 synchronization clock select bit is “O”) 
The clock is the BRG output divided by 16. 
* External clock (when serial 1/O1 synchronization clock select bit is “1”) 
An external clock input from the Scik: pin is selected (max. 5MHz, when f(Xin) = 5MHz). 


A block diagram of the clock asynchronous serial I/O1 function is shown in Figure 2.7.8. 


ea Address 001A16 


2 Address Serial /O1 Control Register 


P44/RxD © Ba 001816 


Receive Buffer Register Receive Buffer Full Flag (RBF) 


= Receive Interrupt Request (Ri) 


Receive Shift Register 


BL Address 001B16 
UART Control Register 


Clock Control Circuit 
ae: Serial /O1 Synchronization 


P46/SCLKI @ pau Clock Select Bit 


BRG Count Source tesa 
Select Bit Frequency Dividing 1/(n+1) 


f(XIN) ] ’ Baud Rate Genarator 


Address 001C16 


Sloe Acreeten Transmit Shift Register Shift 


Completion Flag (TSC) 
Transmit Interrupt Source Select Bit 


P45/TxDo Transmit Shift Register = Transmit Interrupt Request (TI) 


Character Length Select Bit 


Transmit Buffer Register Transmit Buffer Empty Flag (TBE) 
Address 001816] — Serial VO1 Status Register 


Address 001916 


—&© Select Gate : At reset, shaded side is connected. 





“Fig. 2.7.8 Block Diagram of Clock Asynchronous Serial /O Function 
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The individual blocks of the clock asynchronous serial 1/O function are described below. 

(1) Baud rate generator (BRG) (address 001Ci6) 
The BRG is an 8-bit timer used exclusively for the serial 1/O1 function. When the internal clock 
is selected as the synchronization clock, the shift clock is the BRG output divided by 16. A block 
diagram of the BRG is shown in Figure 2.7.9. 
Up to 312.5kbps can be selected as the baud rate, depending on the value of the BRG count 
source select bit (bit 0 of the serial 1/01 control register) and the setting of the BRG. The baud 
rates available when UART is selected are listed in Table 2.7.4. 


iy c 
- Reload Latch 


5 BRG 
BRG Count Source UART Transmit Shift Clock 
Select Bit Serial |/O1 
Synchronization Clock\, 


| Select Bit UART Receive Shift Clock 
Sciki© 





Fig. 2.7.9 Structure of Baud Rate Generator 


Table 2.7.4 Baud Rate Settings 











BRG count source Setting of BRG Baud rate (bps) 
| When f(Xin) = 4.9152MHz When f(Xin) = 5MHz 

f(Xin)/4 255(F Fie) 305.17578 
f(Xin)/4 127(7F ie) 600... ~«Y 610.35156 
f(Xin)/4 63 (3F 16) 1200 1220.7031 
f(Xin)/4 31(1F is) 2400 2441.4063 
f(Xin)/4 15(OF 16) 4800 4882.8125 
f(Xin)/4 7(0716) 9600 9765.625 
f(Xin)/4 3(0316) 19200 19531.25 
f(Xin)/4 | W(Otiw) 38400 39062.5 
f(Xin) 3 (0316) 76800 78125 
f(XiN) | 1(0 116) es 153600 156250 
f(Xin) ! O(00i%) 307200 312500 
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(2). Serial 1/01 control register (address 001A\s) 
The serial 1/01 control register contains bits that control the various Sara /O1 functions. All of 
this register’s bits can be read from and written to from software. At reset, this register is cleared 
to “0016”, disabling serial 1/O1. 
The structure of the serial 1/01 control register is shown in Table 2.7.5. 
The serial 1/01 control register determines whether pins P44 to P47 are used as ordinary input/ 
Output ports or as serial 1/O1 function pins. The bits of the serial 1/01 status register also affect 
these pins. 
The control functions specified by the serial 1/O1 control register are described in Table 2.7.6. 


Table 2.7.5 Structure of Serial 1/01 Contro! Register 


bit 7 bit 0 


Reale cit Wh tee th sok Serial 1/01 control register (address 001Ai6) 


BRG count source select bit 

0 : Oscillation frequency f(Xin) 

1 : Oscillation frequency f(Xin) divided by 4 

Serial 1/01 synchronization clock select bit 

0 : BRG output divided by 16 

1 : External clock input 

This bit is invalid when clock asynchronous 

serial 1/O is selected 

Transmit interrupt source select bit 

O : Interrupt when transmit buffer has emptied 

1 : Interrupt when transmit shift operation is 
completed 

Transmit enable bit 

0 : Transmit disabled 

1 : Transmit enabled 

Receive enable bit 

O : Receive disabled 

1 : Receive enabled 

Serial 1/01 mode select bit 

O : Clock asynchronous serial I/O 

1 : Clock synchronous serial 1/O 

Serial 1/01 enable bit 

0 : Serial 1/O disabled 

1 : Serial I/O enabled 
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Table 2.7.6 Control Functions of Serial 1/01 Control Register 


Bit 1 (serial 1/O1 synchronization clock select bit) and Pin P4é6* 


/0|BRG output divided by 16] The P4s pin is an ordinary input/output pin 
}1 |External clock input The P4e pin can be used as external clock input pin 


Bit 4 (transmit enable bit) and Pin P45" 


| | Transmit disabled The P45 pin is an ordinary input/output pin 
4 | Transmit enabled The P4s pin can be used as a serial data output pin 


Bit 4 (transmit enable bit) and serial 1/O1 status register 


0 [Transmit disabled Bits 0 and 2 of serial 1/O1 status register cleared 
141 |Transmit enabled Bits 0 and 2 of serial I/O1 status register valid 


Bit 5 (receive enable bit) and Pin P4.’* 


| 0 | Receive disabled The P44 pin is an ordinary input/output pin 


11 |Receive enabled The P4s pin can be used as a serial data input pin 


Bit 5 (receive enable bit) and serial !/O1 status register 
10 |Receive disabled Bits 1, 3, 4, 5, and 6 of serial 1/O1 status register cleared 


11 [Receive enabled Bits 1, 3, 4, 5, and 6 of serial 1/O1 status register valid 


Bit 7 (serial 1/O1 enable bit) and serial 1/O1 status register 
0 |Serial I/O disabled Bits 1, 3, 4, 5, and 6 of serial 1/O1 status register cleared 


1 |Serial I/O enabled Bits 1, 3, 4, 5, and 6 of serial I1/O1 status register valid 


The function changes for pins P44 to P46 are valid only when the serial 1/O1 enable bit is 
“1” (enabled). The P47 pin can be used as an ordinary input/output pin. 
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(3) Serial 1/01 status register (address 001916) 
The serial 1/O1 status register consists of seven flags which indicate the transmit/receive status 
of each of the serial I/O functions. It is a read-only register. 
At reset, the serial 1/O1 status register is set to “8016”. 


Table 2.7.7 Structure of Serial 1/O1 Status Register 


bit 7 bit 0 


5 aa Ga ea Serial 1/O1 status register (address 001916) 


Transmit buffer empty. flag 

0 : Buffer full 

1 : Buffer empty 

Receive buffer full flag 

0 : Buffer empty 

1 : Buffer full 

Transmit shift register shift completion flag 
0 : Transmit shift in progress 

1 : Transmit shift completed 
Overrun error flag 

QO : No overrun error 

1 : Overrun error occurred 

Parity error flag 

QO : No parity error 

1 : Parity error occurred 

Framing error flag 

O : No framing error 

1 : Framing error occurred 
Summing error flag 

O° QE U".PE-U: FE-=-0 

tO U-PE Ure 4 | 
This bit is not used; it returns “1” when read 





- Bit O : transmit buffer empty flag (TBE) 

The TBE flag indicates the status of the transmit buffer. It is set to “1” when data written to the 
transmit buffer is transferred to the transmit shift register, and it is cleared to “O” when data is 
written into the transmit buffer. 

Bit 1: receive buffer full flag (RBF) 

The RBF flag indicates the status of the receive buffer. It is set to “1” when the character 
accumulated in the receive shift register is transferred to the receive buffer, and it is cleared to 
“O” when data is read out of the receive buffer. 

Bit 2: transmit shift register shift completion flag (TSC) 

The TSC flag indicates the operating status of the transmit shift register. It is cleared to “O” when 
the transmit shift operation starts, and it is set to “1” as soon as the transmit shift operation is 
completed. 

Bit 3: overrun error flag (OE) 

The OE flag is set to “1” if a character has not been read from the receive buffer when the next 
character has accumulated in the receive shift register. 

Bit 4: parity error flag (PE) 

The PE flag is set if the parity of receive data differs from the specified parity. The PE flag is 
valid only when parity checking is enabled. 
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¢ Bit 5 : framing error flag (FE) 
The FE flag determines whether the frame synchronization is correct. If the stop bit is not 
received when it is expected, the FE bit is set to “1”. 
Note that only the first stop bit is checked; following stop bits are ignored. 

- Bit 6 : summing error flag (SE) 
The SE flag is set if there is an error in one or more of the OE, PE, and FE flags. 

(4) UART control register (address 001Bis). 
The UART control register consists of five control bits which determine the format of data 
transmitted and received by the clock asynchronous serial I/O function. These low-order 5 bits of 
the UART control register can be read and written to by programs. At reset, this register is set 
to “EOi.”. 


Table 2.7.8 Structure of UART Control Register 


UART control register (address 001Bi6) 


Character length select bit 

0: 8 bits 

1: 7 bits 

Parity enable bit 

0 : Parity checking disabled 

1 : Parity checking enabled 

Parity select bit 

0 : Even parity 

1 : Odd parity 

Stop bit length select bit 

0 : 1 stop bit 

1 : 2 stop bits 

P4s5/TxD P-channel output disable bit 
0 : CMOS output (in output mode) 
1 : N-channel open drain output (in output mode) 
These bits return “1” when read 





Table 2.7.9 Relationship between Contents of 
UART Control Register and Data Format 


UART contro! Se Serial data transfer format 
bit_3ibit 2/bit_1|bit_0 





0 | X | 0 | 0 [1ST-8DATA-1SP 

Oo | xX | 0 | 1. |1ST-7DATA-1SP 

0 0 |1ST-8DATA-1PAR-1SP 

0 1 (1ST-7DATA-1PAR-1SP 

1 | xX | 0 | 0 [1ST-8DATA-2SP__ ST : Start bit 

1 {xX | 0 | 1. [1ST-7DATA-2SP DATA : Data bits 
1 0 |1ST-8DATA-1PAR-2SP SP : Stop bit(s) 

ae oe 1 |1ST-7DATA-1PAR-2SP PAR : Parity bit 
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(1) 1ST-8DATA-1SP 


STASEX X XX KK _Msysr 


(2) 1ST-7DATA-1SP 


STAISEX XX _X_K_ Misys? 


(3) 1ST-8DATA-1PAR-1SP 


sTASX XX KM _K_Nisoray sp 


(4) 1ST-7DATA-1PAR-1SP 


STASEX XX _X_K_Desoeany s 


(5)1ST-8DATA-2SP | 


sTASEXK XX KKK Misys 


(6) 1ST-7DATA-2SP 


stTASX X XX K Ney 2s 


(7) 1ST-8DATA-1PAR-2SP 


STASEX XX _X_X_K_Nisexeagy2sr 


(8) 1ST-7DATA-1PAR-2SP 


StAX X XX K_espeay/esr 


Fig. 2.7.10 Serial Data Transfer Format 





(5) Transmit shift register (TSR) and transmit buffer (TB) 
The transmit shift register and transmit buffer each are 8-bits. 
When data is written to the transmit buffer, that data is transferred to the transmit shift register 
and it is output by the transmit shift register. During transmission, the next character to be 
transmitted can be written into the transmit buffer. 

(6) Receive shift register (RSR) and receive buffer (RB) 
The receive shift register and receive buffer each are 8-bits. 
When a character has accumulated in the receive shift register, it is transferred to the receive 
buffer. At this time, the next character can be received into the receive shift register. 
Note: in the serial 1/O 1 function, the receive buffer and the transmit buffer are located at the 
same address (address 001816). During full duplex data transfer, if that address is read from, 
receive data is read out; if that address is written to, transmit data is written. 

(7) Reception method 

Setting the serial 1/O1 control register and UART control register as shown below enables the 
serial 1/O1 receiver. 


Reception preparation 
1. Set the serial 1/O1 enable bit to “1”. 
2. Select either internal or external clock with the synchronization clock select bit. 





3. Set the required data format in the UART control register. 


Note that the following settings are necessary if receive interrupts are to be used: 

1. Clear the receive interrupt request bit to “QO”. 

2. After step 1, set the receive interrupt enable bit to “1”. 
Once the above reception preparation is complete, set the receive enable bit of the serial l/O1 
control register to enabled. This operation enables the detection of a start bit, and serial data 
reception starts. 
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(8) Receiver operation 

1. Receive data input through the RxD pin is read one bit at a time into the receive shift register. 

2. After the start bit is detected at the falling edge at the RxD pin (start bit reception), the bit 
is checked again at the expected center of the start bit. The start bit is valid if the signal level 
is “L”. If the signal level is “H”, the system judges that there is noise on the line and waits 
for another start bit. 

3. When the specified number of bits of the signal have been received and the first stop bit is 
detected, the contents of the receive shift register are transferred to the receive buffer. If 7- 
bit character length is selected, the MSB of the receive data stored in the receive buffer is set 
to “0”. 

4. At the center of the first stop bit, the receive buffer full flag is set and a receive interrupt 
request is generated. At the same time, the error status is checked and the error flags are 
updated. 


The receive buffer full flag is cleared to “O” when data is read from the receive buffer. The receive 
interrupt request bit is cleared when the receive interrupt processing sequence starts. 

(9) Transmission method 
Setting the serial 1/O1 control register and UART control register as shown below enables the 
serial 1/01 transmitter. 


Transmission preparation 
1. Set the serial 1/01 enable bit to “1”. 
2. Select either internal or external clock with the synchronization clock select bit. 
3. Set the data format in the UART control register. 

4. Set the transmit enable bit to “1”. 






Note that the following settings are necessary if transmit interrupts are to be used: 

1. Clear the transmit interrupt request bit to “OQ”. 
2. After step 1, set the transmit interrupt enable bit to “1”. 

Once the above transmitter preparation is complete, write transmit data to the receive/transmit 

buffer. If the internal clock is selected as the synchronization clock, this write generates the shift 

clock. 
(10) Transmission operation 

1. When data is written to the transmitter buffer, the transmit buffer empty flag is cleared to “0”. 

2. The data written to the transmit buffer is transferred to the transmit shift register. 

3. The data transferred to the transmit shift register is output from the TxD pin one bit at a time, 
Starting with a start bit. The start, parity, and stop bits are generated by the hardware as 
determined by the UART control register. 

4. Once the transfer shift operation starts, the transmit shift register shift completion flag of the 
serial 1/O1 status register is cleared to “0”. 

5. The transmit shift register shift completion flag of the serial 1/O1 status register is set to “1” 
at the center of the final stop bit. 


The transmit buffer empty flag is set at step 2, enabling the writing of the next batch of transmit 
data to the transmit buffer. 
A transmit interrupt request is generated at step 2 if the transmit interrupt source select bit is set 
to “0”, or at step 5 if that bit is set to “1”. 

(11) Handling if parity, framing, or summing error occurs 
lf a parity, framing, or summing error occurs, the flag in the serial 1/O1 status register 
corresponding to that error is set. Since these flags are not cleared automatically, they should be 
cleared by software. Parity, framing, and summing errors can be cleared by clearing the receive 
enable bit or by writing dummy data to the serial I/O1 status register. 
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(12) Handling if overrun error occurs 
An overrun error occurs if a character is accumulated in the receive shift register while there is 
still a character in the receive buffer. 
When an overrun error occurs, the character in the receive buffer is maintained and the character 
in the receive shift register becomes inaccessible. 
When an overrun error occurs, the overrun flag of the serial I/O status register should be cleared 
and then the receiver should be re-initialized. 
Clear the overrun error flag by performing any of the following actions: 
¢ Set the serial 1/O1 enable bit to “O”. 
¢ Set the receive enable bit to “0”. 
¢ Write dummy data to the serial 1/O1 status register. 

(13) Notes on clock selection 
Either the internal clock or an external clock can be selected as the synchronization clock of the 
serial 1/O1 function. If an external clock is selected as the synchronization clock, use a clock of 
5MHz or less when the duty cycle is 50%. If the duty cycle is different, make sure that the “H” 
and “L” widths are at least 100ns. 

(14) Notes on using the TxD/P4s pin for N-channel open drain output 
Bit 4 of the UART control register (address OOEQ1«) is the P-channel transistor output disable bit 
for the TxD/P4s pin. This bit is valid whenever the TxD/P4s5 pin is being used as an output pin. 
When this bit is “0”, ordinary CMOS output is selected; when it is “1”, N-channel open drain output 
is selected. 
Note that when the TxD/P4s pin is being used for N-channel open drain output, the uellage applied 
to it must not exceed Vcc + 0.8V. 


Transmit/Receive Clock | 


Transmit Buffer Register 
Write Signal 


Serial Output 
TxD 


1 Start Bit * - Generated at the second stop 
——_—— 7/8 Data Bit bit if 2 stop bit set. 


1/0 Parity Bit 


Receive Buffer Register 
Read Signal Ci Stop Bit 


Seria input ————\ st KX BX 
RxD? ST Bi nies 


Note 1:Error flag detection is performed as soon as RBF=1 (first received stop bit). 

Note 2: Transmit interrupt (T1) is set to either TBE=1 or TSC=1 according to the transmit interrupt 
source select bit (TIC) in the serial 1/01 control register. 

Note 3:Receive interrupt (RI) is set by RBF=1. 





Fig. 2.7.11 Timing of Clock Asynchronous Serial /O Function 
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2.7.3 Notes on using serial 1/O1 function 

(1) Resetting the serial 1/01 control register 
Before resetting the serial 1/01 control register, set the transmit and receive enable bits to 
disabled (if they were enabled) and reset the transmit and receive circuits. If the serial 1/O1 
control register is reset without resetting the circuits in this way, the new setting may not operate 
correctly. 

(2) Transmit interrupt requests when the transmit enable bit is set 
lf the transmit enable bit is set to “1”, the transmit buffer empty flag and the transmit shift register 
shift completion flag are also set to “1”. An interrupt request is generated and the transmit 
interrupt request bit is set, regardless of the timing selected for the generation of transmit 
interrupts. 
To use transmit interrupts, first set the transmit enable bit, then clear the transmit interrupt request 
bit and set the transmit interrupt enable bit to enabled. 

(3) To disable transmission after one byte of data has been transmitted 
The transmit shift register shift completion (TSC) flag is used by the serial 1/O1 function to signal 
the completion of data transmission. The TSC flag is cleared to “0” while data is being 
transmitted, and it is set to “1” when the data transmission is completed. If transmission is 
disabled after confirming that the TSC flag has been set, transmission can be forced to end after 
one byte of data is transmitted. 
lf the TSC flag is checked immediately after the serial 1/O1 function has been enabled, 
transmission can be disabled before it has begun. Make sure that the TSC flag is referenced after 
transmission has started. 

(4) Using the TxD/P4s pin for N-channel open drain output 
Bit 4 of the UART control register (address OOEQ16) is the P-channel transistor output disable bit 
for the TxD/P4s pin. This bit is valid whenever the TxD/P4s pin is being used as an output pin. 
When this bit is “0”, ordinary CMOS output is selected; when it is “1”, N-channel open drain output 
is selected. 
Note that when the TxD/P4s pin is being used for N-channel open drain output, the voltage applied 
to it must not exceed Vcc + 0.3V. 


For details of how to use the serial 1/O1 function; see Appendix 3, “Notes on Use”. 
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2.8 Serial 1/O2 
The serial 1/02 function of the M38063M6-XXXFP/GP uses the clock synchronous method. 
© Transfer method 
Half duplex data transfer is available. 
¢ Synchronization clock 
Select either the internal clock or an external clock by setting the synchronization clock select bit 
of the serial I1/O2 control register. 


Synchronization clock 

« Internal clock (when serial 1/02 synchronization clock select bit is “1”) 
f(Xin) divided by 8, 16, 32, 64, 128, or 256 can be Selected. 

« External clock (when serial |/O2 synchronization clock select bit is “O”) 
An external clock input from the Scixe pin is selected (max. 1MHz). 


A block diagram of the clock synchronous serial 1/O2 function is shown in Figure 2.8.1. 


Data Bus 


P73 Latch 


P7aSRDY2 S  ) Sync. 
SM24 Circuit 


P72/SCLk2 & LY 


SM23 
P71 Latch 


Interrupt Request 


P72 Latch | 
Serial /O Counter 2 (8) Bp Serial VO2 


SM2s LSB ~¢——>- MSB 


P71/SOUT2 & J a 
Serial |/O2 Register (8) 


P7o/Sinz2 C ) 


4. Select Gate : At reset, shaded side is connected. 


Fig. 2.8.1 Block Diagram of Clock Synchronous Serial !/O2 Function 
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2.8.1 Serial 1/02 control register (address 001Die) 

The serial 1/O2 control register controls the various serial 1/O2 functions. All of this register’s bits 
can be read from and written to by software. At reset, this register is cleared to “OOt6”. 

The structure of the serial l/O2 control register is shown in Table 2.8.1. 

The serial 1/02 control register determines whether pins P7: to P7s are used as ordinary input/output 
ports or as serial I/O2 function pins. This register also determines the transfer direction and transfer 
clock for serial data. 


Table 2.8.1 Structure of Serial 1/O2 Control Register 


bit 7 bit 0 


ee ft { ft ttt Serial /O2 control register (address 001D16) 


Internal synchronization clock select bit 

O00 : divided by 8 

001 : divided by 16 

O10): divided by 32 

Otay ® divided by 64 

110 : divided by 128 
divided by 256 

ort select bit 

0 : I/O ports 

1 : Soute output, Scike function 

Srov2 Output enable bit 

0 : I/O port 

1 : Srov2 signal output 

Transfer direction select bit 

0 : LSB first 

1 : MSB first 

Synchronization clock select bit 

O : External clock 

1 : Internal clock 

This bit returns “O” when read 
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2.8.2 Reception 

(1) Reception method 
Setting the serial I/O2 control register as shown below enables the M38063M6-XXXFP/GP serial 
1/O2 receiver. 






Initialization Sequence for serial 1/O2 control register 

1. Select either internal or external clock using the synchronization clock select bit. 

2. If using the internal clock, select the divide ratio with the internal synchronization 
clock select bits. 

3. Set the serial 1/O2 port select bit to “1”. 

4. Select the transfer direction with the transfer direction select bit. 








Note that the following settings are also necessary if serial I1/O2 interrupts are to be used: 

5. Clear the serial l/O2 interrupt request bit to “O”. 

6. After step 5, set the serial !/O2 interrupt enable bit to “1”. 
The Srpvy2 signal outputs the receive enabled status of the serial I/O2 function. To enable the 
output of the Srove signal, add the following step after step 3 when initializing the serial 1/02 
control register: 

« Set the Srove output enable bit to “1". 
Once the above reception preparation is complete, write dummy data to the serial 1/O2 register. 
During the write cycle, the Srovz pin’s level is “H”; when the write cycle ends, the Srovz pin falls 
to “L”, outputing the receive enabled status. 
The Srapye pin returns to “H” level at the first falling edge of the synchronization clock. 
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(2) Reception operation 

1. During a write cycle to the serial |/O2 register, the serial I/O counter 2 is set to “7” and the 
transfer clock goes “H”. 

2. After the write cycle ends, receive data is input from the Sin pin one bit at a time, at the rising 
edge of the transfer clock. 

3. The input data is read one bit at a time into the serial l/O2 register. Each time new data is 
read in, the contents of the serial |/O2 register are shifted one bit. 

4. An interrupt request is generated after eight counts of the transfer clock. If the internal clock 
is selected as the transfer clock, the transfer clock stops at “H”. 


Whether the data is read from the LSB or the MSB (step 3) can be selected by the transfer 


direction select bit of the serial 1/O2 control register. 
The interrupt request bit is cleared when the interrupt processing sequence starts. 


Operation Number 


[or [bs [os [+ Jos oz [os ] oo 


Shift Clock Receive Shift Register 


Note : This shows the case when the transfer direction select bit is “1”. 





Fig. 2.8.2 Serial 1/02 Reception Operation 
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2.8.3 Transmission 

(1) Transmission method 
Setting the serial 1/O2 control register as shown below puts the serial 1/O2 function in transmit 
enabled status. | 






Initialization Sequence for serial 1/O2 control register 

1. Select either internal or external clock with the synchronization clock select bit. 

2. If using the internal clock, select the divide ratio with the internal synchronization clock 
select bits. : 

3. Set the serial 1/O2 port select bit to “1”. 

4. Select the transfer direction with the transfer direction select bit. 









Note that the following settings are also necessary if serial l/O2 interrupts are to be used: 
5. Clear the serial |/O2 interrupt request bit to “0”. 
6. After step 5, set the serial I/O2 interrupt enable bit to “1”. 

Once the above transmission preparation is complete, write transmit data to the serial 1/02 

register. If the internal clock is selected as the synchronization clock, this write generates eight 

shift clocks. 

(2) Transmission operation 

1. During a write cycle to the serial |/O2 register, the serial 1/O counter 2 is set to “7” and the 
transfer clock goes “H”. 

2. After the write cycle ends, transmit data is output from the Sout pin one bit at a time, at the 
falling edge of the transfer clock. 

3. Data is read one bit at a time from the serial |/O2 register, starting at either the LSB or the 
MSB. The contents of the serial 1/O2 register are shifted each time new data is read out. 

4. An interrupt request is generated after eight counts of the transfer clock. If the internal clock 
is selected as the transfer clock, the transfer clock stops at “H”. 


Whether the read from the serial 1/O2 register in step 3 starts at the LSB or the MSB can be 
selected by the transfer direction select bit of the serial !/O2 control register. 
The interrupt request bit is cleared when the interrupt processing sequence starts. 


Operation Number 
MSB | LSB 


er [eo fo [m= [alo 
Sooo 
BGEIGIc 


GIGIGc 


Shift Clock Transmit Shift Register 


Note : This shows the case when the transfer direction select bit is “O”. 





Fig. 2.8.3 Serial 1/02 Transmission Operation 
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2.8.4 Notes on external clock selection 
Either the internal clock or an external clock can be selected as the synchronization clock of the 
serial 1/O2 function. If an external clock is selected, note the following points: 
(1) Use a clock of 1.25MHz or less for the clock source, with a 50% duty cycle. 
If the duty cycle is different, make sure that the “H” and “L” widths are at least 400ns (for f(Xin) 
= 5MHz). | 
(2) The shift operation continues so long as the synchronization clock is input to the serial I/O2 
circuit. Only eight pulses should be input for each character. 
lf the internal clock is selected, the synchronization clock stops automatically. 


Transfer Clock (Note 1) 


' (Note 2) 
Serial 1/02 Output Sourt2 ("Do M Di XM De) KX Os M Ds MDs M Ds / 


Serial /O2 Input Sinz E> Gal» Ce. = ee 


Receive Enable Signal Srpy2 


Write Signal to Address 001F 16 
Serial I/O2 Register 


Serial |/O2 Interrupt Request Bit Set 


: When the internal clock is selected as the transfer clock, the divide ratio can 
be selected by setting bits 0 to 2 of the serial l/O2 contro! register. 

: When the internal clock is selected as the transfer clock, the Soute pin goes 
high-impedance after transfer completion. 





Fig. 2.8.4 Timing of Serial 1/O2 Function (With LSB-First Selected) 


Transmission side Reception side 





Fig. 2.8.5 Connection for Serial 1/02 Function 
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2.9 A-D Converter 
The A-D converter built into the M38063M6-XXXFP/GP has the following characteristics: 
¢« Analog input pins (also used as port P6) : 8 channels 


¢ Conversion method : Successive comparison approximation 
¢ Resolution : 8 bits 

¢ Absolute accuracy > + 1 LSB (Typ.) 

* Conversion speed > 20us (at f(Xin) = 5MHz) 


A block diagram of the A-D converter is shown in Figure 2.9.1. 


AD/DA Control Register sy 


P63/AN3 © 
P64/AN4 © 
P65/AN5 0 
P66/ANé6 O 
P67/AN7 O—a~| _ | 7 


P60/ANo O— A-D Interrupt Request 
P61/AN1 © 
P62/AN2 O Comparator A-D Conversion Register 


Comparison 
Voltage Generator | 


Channel Selector 


@ ® 
VREF AVSS 





Fig. 2.9.1 Block Diagram of A-D Converter 
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2.9.1 Block description 

The blocks of the A-D converter are described below. 

(1) A-D conversion register 
The A-D conversion register is a read-only register that contains the result of an A-D conversion. 
Do not read the contents of this register during A-D conversion. 

(2) AD/DA control register 
Select bits for the analog input pins are allocated to the low-order three bits of the AD/DA control 
register. In the M38063M6-XXXFP/GP, these analog input select bits can be used to select an 
analog input pin. Note that the analog input pins also act as port P6, so they can also be used 
as ordinary input ports. 
Bit 3 of the AD/DA control register is the A-D conversion completion bit—A-D conversion starts 
when “0” is written to this bit. 
At reset, all the bits of the AD/DA control register (except bit 3) are cleared to “0”. Bit 3 is set 
to “1”. 


Table 2.9.1 Structure of AD/DA Control Register 


bit 7 
Seat SR ; 
nt. 6 Chl AD/DA control register (address 003416) 


Analog input pin select bit 
bit2 bitt bito 
: P60/ANo 
> P6/AN1 
> P62/ANz2 
: P63/ANs 
: P64/ANa 
> P65/ANs 
; P6e/ANe 
a. 4 > P67/AN7 
A-D conversion completion bit 
0 : Conversion in progress 
1 : Conversion completed 
These bits are not used; they return “O” 
when read 
D-A converter output control bits 





(3) Comparison voltage generator 
The comparison voltage generator divides the voltage between AVss and Vrer by 256, and outputs 
the divided voltage. 

(4) Channel selector 
The channel selector selects one of the ports P60/ANo to P67/AN7, and inputs its voltage to the 
comparator. 

(5) Comparator and control circuit 
The comparator and control circuit compare an analog input voltage with the comparison voltage 
then store the result in the A-D conversion register. When A-D conversion is complete, the control 
Circuit sets the A-D conversion completion bit and the A-D conversion interrupt request bit (bit 6 
of address 003Di«) to “1”. | 
Note that the comparator is linked to a capacitor, so set f(Xin) to at least 500kKHz during A-D 
conversion. 
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2.9.2 Method of use 

The A-D conversion method is described below. 

(1) If using A-D interrupts, clear the A-D interrupt request bit (bit 6 of address 003Di6«) to “O”, then 
set the A-D interrupt enable bit (bit 6 of address O03Fi«6) to “1” and clear the interrupt disable 
flag to “O”. | 

(2) Select an analog input pin by setting the analog input pin select bits of the AD/DA control 
register. 

(3) Clear the A-D conversion completion bit to “0”. This write operation starts the A-D conversion. 
Remember not to read the A-D conversion register during the A-D conversion. 

(4) Verify the completion of the conversion from the status of the A-D conversion completion bit— 
if this bit is “1”, conversion is complete. 

(5) Read the A-D conversion register to obtain the conversion result. 


2.9.3 Operation 

A-D conversion starts when “0” is written to the A-D conversion completion bit. Operations within 

the M388063M6-XXXFP/GP during the A-D conversion are described below. 

(1) When A-D conversion starts, the A-D conversion register is cleared to “OOis”. 

(2) Next, the most significant bit of the A-D conversion register is set to “1”, and the comparison 
voltage Vref is input to the comparator. At this point, the analog input voltage Vin is compared 
with Vref. 

(3) If the result of the comparison is Vref < Vin, the most significant bit of the A-D conversion 
register remains at “1” as set. If Vref > Vin, the most significant bit is cleared to “0”. 


The A-D converter repeats the above steps down to the least significant bit of the A-D conversion 
register, to convert the analog value into a digital value. The A-D conversion ends 50 clock cycles 
(20us, when f(Xin) = 5MHz) after it starts, and the conversion result is stored in the A-D conversion 
register. An A-D interrupt request is generated at the same time that the A-D conversion ends, and 
the A-D interrupt request bit is set to “1”. 


Relationship between Vref and Vrer 
When n = 0: Vref = 0 

When n =1 to 255 : Vref = Vrer/256 X (n — 0.5) 

n : Value in the A-D conversion register (decimal notation) 
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Change in A-D Conversion Register Comparison Voltage (Vref) 
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Fig. 2.9.2 Changes in A-D Conversion Register during A-D Conversion 
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2.9.4 Equivalent circuit 
An equivalent connection circuit of the A-D converter is shown in Figure 2.9.3, and a timing chart 
of A-D conversion is shown in Figure 2.9.4. 


Vcc VSss Vcc AVSS | 


@ @ 
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ANOQ 
AN1Q 
AN2Q 
AN3Q) , ) Chopper Amp. 
AN4¢c 
AN5Q) 


pe Neale fe etait calcd 


AN7Q A-D Conversion Register 
bit 7 





AD/DA Control Register A-D Conversion Interrupt 
Vref 
Built-in si 
E D Reference 


-A Clock 
Converter 


VREF CQ) 


AVss() 





Fig. 2.9.3 Equivalent Connection Circuit of A-D Converter 
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Fig. 2.9.4 Timing of A-D Conversion 
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2.10 D-A Converter 

The D-A converter built into the M38063M6-XXXFP/GP has the following characteristics: 
¢« Analog output pins : 2 channels 

* Conversion method : R—2R network 

¢« Resolution : 8 bits 

A block diagram of the D-A converter is shown in Figure 2.10.1. 


Data Bus 


D-A1 Conversion Register (8) 


D-A1 output enable bit 


|| R-2R Resistor Ladder -o~0—O pse/DAt 


D-A2 Conversion Register (8) 
D-A2 output enable bit 


: R-2R Resistor Ladder O~ O—C_) P57/DA2 





Fig. 2.10.1 Block Diagram of D-A Converter 


2.10.1 Block description 
The blocks of the D-A converter are described below. 
(1) D-A conversion register 
When a digital value is set in this register, the digital value is converted into an analog voltage. 
(2) AD/DA control register 
D-A output enable bits are allocated to bits 6 and 7 of the AD/DA control register. Set one of 
these bits to “1” to enable D-A output from the corresponding channel. 
At reset, these bits are cleared to “0”, disabling D-A output. 


Table 2.10.1. Structure of AD/DA Control Register 


AD/DA control register (address 003416) 


A-D converter control bits 
These bits are not used; they return “O” when read 
D-A1 output enable bit 


0 : Output disabled 

1 : Output enabled 
D-A2 output enable bit 

0 : Output disabled 

1 : Output enabled 
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2.10.2 Method of use 

Set the M38063M6-XXXFP/GP as follows when using D-A conversion: 

(1) Set the pin to be used for D-A output to input status by setting the direction register of the pin 
to "0". (The DA: and DAz pins can also be used as ports P56 and P57.) 

(2) Set the D-A output enable bit of the AD/DA control register to enabled. — 


When the above setting is complete, write a value to the D-A conversion register. An analog voltage 
equivalent to the written value will be output from the DA: or DAz pin. 


2.10.3 Operation | | 
The D-A converter divides the voltage between Vrer and AVss, and outputs an analog voltage 
equivalent to the digital value written into one of the D-A conversion registers. The conversion result 
is output from the DA pin whose D-A output enable bit is set to “1” in the AD/DA control register. 
The D-A1 conversion register corresponds to the DA: pin, and the D-A2 conversion register 
corresponds to the DAz pin. 

The relationship between analog voltage and digital value is shown below. 


Relationship between analog voltage and digital value 
V = Vrer X 1/256 (Nn = 0 to 255) 

V : Output voltage 

VreF : Reference voltage 

n : Value in D-A conversion register (decimal notation) 











At reset, both of the D-A1 and D-A2 conversion registers are reset to “0016”, so the voltages output 
from the DA: and DAz pins after a reset are at the same potential as AVss. 

An equivalent connection circuit of the D-A converter is shown in Figure 2.10.2. The D-A1 and 
D-A2 conversion registers have the same structure. Note that a resistance ladder output is 
connected directly to each of the DA pins, so an external buffer amplifier must be used. 


rT 
‘ 
‘ 
: 
t 
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i] 
i) 


This figure shows the case in which the value in the D-A1 conversion register is “2Ar6” 





Fig. 2.10.2 Equivalent Connection Circuit of D-A Converter 
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‘2.11 Reset 

2.11.1 Reset description 

The M38063M6-XXXFP/GP is reset if the RESET pin is held at a “L” level for 2us after the 
oscillator has stabilized, while the supply voltage is 4.0 to 5.5V. When the RESET pin returns 
to a “H” level, the reset status is released in the sequence shown in Figure 2.11.1. 

After the reset is released, the M38063M6-XXXFP/GP starts executing the current program at the 
address contained in addresses FFFDis and FFFCi1s. The high-order byte of the address is 
contained in address FFFDise and the low-order byte of the address is contained in address 
FFFCie. 

The internal status of the microcomputer after a reset is shown in Figure 2.11.2. The contents 
of all bits, registers, and RAM not specified in this figure are undefined after a reset, so they 
must be initialized in software. 





RESETout 


(Internal Reset) 


SYNC 


ADu, 
Address (2? kX 2X 2X 2 KeONEEFOX ao.) 


Reset address from 
the vector table 


8~12 Clock Cycles 


Note 1: The frequency relation of f(XIN) and@ is f(XIN)=2°¢. 
Note 2: The "?" means that the address is changing depending upon the previous State. 





Fig. 2.11.1 Internal Processing Sequence after Reset 
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Port PO direction register 


Port P1 direction register 
Port P2 direction register 
Port PS direction register 
Port P4 direction register 
Port P5 direction register 
Port P6 direction register 
Port P/ direction register 
Port P8 direction register 
Serial I1/O1 status register 
Serial 1/01 control register 
UART control register 
Serial 1/O2 control register 
Prescaler 12 


Timer 1 


Timer 2 | 


Timer XY mode register 
Prescaler X 

Timer X 

Prescaler Y 

Timer Y 

AD/DA control register 
D-A1 conversion register 
D-A2 conversion register 
Interrupt edge selection register 
CPU mode register 
Interrupt control register 
Interrupt control register2 
Processor status register 


Program counter 


Address 


000116 
000316 
000516 
000716 
000916 
O00Bi6 
000Di6 
OO00F i6 
001116 
001916 
001At6 
001Bis 
001Dt6 
002016 
002116 
002216 
002316 
002416 
002516 
002616 
002716 
003416 
003616 
003716 
003Ar6 
003Bi6 
O003E16 
003F t6 
(PS) 
(PCu) 
(PCi) 


Register contents 
0016 


0016 
0016 
0016 
0016 
—6(00i6 
0016 
0016 
0016 


1 }ofolojolojojol| 


OO16 


pttitif}otofojojo 


FFi6e 
O116 
FFie 
OO016 
FFie 
FFie 
FFis 
FFi6 


ee ee Ee 


0016 
0016 
0016 
OIE [0] OOOO 
| 0016 
0016 


2S eee ee 


Contents of address FFFDt6 


Contents of address FFFCte 


* = CM1. The initial value of CM1 depends on the level of the CNVss pin. 


Fig. 2.11.2 Internal Status of Microcomputer after Reset Release 
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2.11.2 Reset circuit 

Design the reset circuit in such a way that the reset input voltage falls below 0.8V when the power 
supply voltage rises above 4.0V, as shown in Figure 2.11.3. Make sure that reset is released after 
oscillation has time to stabilize. 


Supply Voltage OV 


Reset Input Voltage OV 





Fig. 2.11.3 Power-on Reset Condition 


M51953AL 


M38063M6-XXXFP/GP 





Fig. 2.11.4 Power-on Reset Circuit Example 
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2.12 Oscillation Circuit 

2.12.1 Circuit description 

The M38063M6-XXXFP/GP has a built-in oscillation circuit which generates the clock signals. This 
built-in oscillation circuit consists of an oscillation gate which acts as an amplifier and an oscillation 
control pre-amplifier block which controls the oscillation. 

A block diagram of the M38063M6-XXXFP/GP’s oscillation circuit is shown in Figure 2.12.1. 

The frequency input to the clock input pin Xin is normally divided by two to give the internal clock 
@. Connect either a ceramic resonator or a quartz crystal to the outside of this circuit. 


Interrupt Request ie 
Interrupt Disable Flag | 


Reset 
STP instruction—R 


ONW pin 
Single-chip Mode 


Lee omen 1 Prescaler 12 


XOUT 





Fig. 2.12.1 Block Diagram of Clock Generation Circuit 
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(1) Oscillation circuit using ceramic resonator or quartz crystal 
Examples of circuits using a ceramic resonator or quartz crystal are shown in Figures 2.12.2, and 
2.12.3. AS shown in these figures, an oscillation circuit can be formed by connecting a resonator 
between Xin and Xour. Set the capacitors (Cin, Cout, etc.) in accordance with the resonator 
manufacturer's recommended values. 


M38063M6-XXXFP/GP 


M38063M6-XXXFP/GP 


XIN XOUT 


XOUT 





Fig. 2.12.2 Example of Oscillation Fig. 2.12.3 Example of Oscillation Circuit with 
Circuit Internal Capacitors 


(2) External clock input circuit 


An external clock signal can also be applied to the M388063M6-XXXFP/GP. An example of the 
circuit to be used in this case is shown in Figure 2.12.4. Leave the Xout pin open. 


M38063M6-XXXFP/GP 


XIN XOUT 


Open 


External oscillation Circuit Vcc TAAL 
Vss 


Fig. 2.12.4 External Clock Input Circuit 
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2.12.2 Oscillation control | 
In the M388063M6-XXXFP/GP, oscillation can be stopped and restarted as required. 
(1) Stop mode 
If the STP instruction is executed, oscillation stops with the internal clock ¢ at “H” (stop mode). 
The functions operating in stop mode are listed in Table 2.12.1. | 
In stop mode, the contents of all registers except timer 1 and prescaler 12 are held. This function 
ensures that operations can restart with exactly the same status. Placing the chip in stop mode 
greatly reduces power dissipation. 
The internal operation after the STP instruction is executed is as follows: 
1. Oscillation stops with the internal clock @ at “H”. 
2. Timer 1 is set to “O11e” and prescaler 12 is set to “FFie”. 


Table 2.12.1 Functions Operating in Stop Mode 








Timers Timer X and timer Y can be used, but only in event counter mode (timer 
X and timer Y interrupts can be used) | 

Serial I/O The BRG is stopped, but the serial 1/O functions can operate in external. 
clock mode (transmit and receive interrupts can be used) 

A-D converter Stopped (A-D conversion interrupts cannot be used) 

D-A_ converter Analog output voltage is held 





External pin interrupts | Enabled 


To restart oscillation (recover from stop mode), either cause a reset or an interrupt. If an interrupt 
is used for restart, prescaler 12 and timer 1 start operating. After timer 1 overflows, the internal 
clock @ starts. This provides the time necessary for oscillation to stabilize, if a ceramic resonator 
or quartz crystal is used. 
Make the following preparation immediately before executing the STP instruction: 

1. Disable the timer 1 interrupt. (Set the timer 1 interrupt enable bit to “O”). 

2. Enable the interrupt to be used for wake-up (set the corresponding interrupt enable bit to 

"1” and the interrupt disable flag to “0O”). 


(2) Wait mode | 
If the WIT instruction is executed, the internal clock @ stops at “H”, but the oscillator itself does 
not stop (wait mode). The functions operating in wait mode are listed in Table 2.12.2. 
Recovery from wait mode is done in the same way as recovery after the STP instruction. 
However, since there is no need to provide time to enable the oscillation to stabilize, operation 
can start immediately. 


Table 2.12.2 Functions Operating in Wait Mode 


Timers Operating (timer 1, timer 2, timer X, and timer Y interrupts can be used) 
Serial 1/O Operating (transmit and receive interrupts can be used) 

A-D converter Stopped (A-D conversion interrupts cannot be used) 

D-A converter Analog output voltage is held 


External pin interrupts | Enabled 


2-76 





INTERNAL PROM VERSION 


INTERNAL PROM VERSION 


3.1 Function Description 





3.1 Function Description 

In addition to the mask ROM versions of the M38063M6-XXXFP/GP, there are internal programmable 
ROM versions which are microcomputers with built-in programmable ROM. The EPROM version has 
an internal EPROM that can be written to and can also be erased. The one-time programmable 
microcomputer contains an internal PROM which can be written to but can not be erased. The 
functions of the internal EPROM and one-time programmable versions are exactly the same, apart 
from the erasability of the ROM. Both are referred to as internal PROM versions in this manual. 
The internal PROM versions have functions similar to those of the mask ROM versions, but they 
also have a PROM mode that enables writing to internal PROM. 

The various types of internal PROM versions are listed in Table 3.1.1, and their functions are listed 
in Table 3.1.2. 


Table 3.1.1 Internal PROM Version Types 

Type name PROM RAM Package Remarks 
M38063E6-XXXFP 24K bytes | 512 bytes | 0.8mm-pitch QFP 
M38063E6-XXXGP | 24K bytes | 512 bytes | 0.65mm-pitch QFP 
M38063E6FP 24K bytes | 512 bytes | 0.8mm-pitch QFP shipped blank 
M38063E6GP 24K bytes | 512 bytes | 0.65mm-pitch QFP | shipped blank 


{ 


M38063E6FS 24K bytes 512 bytes  0.8mm-pitch LCC EPROM version 














Table 3.1.2 Functions of Internal PROM Version 





Parameter | Function 
Basic instructions ZA 
Instruction execution time 0.818 (shortest instruction, at 5HMz oscillation 
frequency) 

Oscillation frequency |5MHz (max.) 
Memory size PROM 24,316 bytes of user area 

RAM 512 bytes 
Input/output ports}; PO~P6,P8 8-bit x 8 (CMOS output) 

P7 |8-bit x 1 (N-channel open drain output) 
Serial 1/O1 Clock synchronous or asynchronous 
Serial 1/02 ‘Clock synchronous 
Timers 8-bit prescaler x 3 and 8-bit timer x 4 
A-D converter 18-bit resolution x 8 channels 
D-A converter 8-bit resolution x 2 channels 
Interrupts '7 external, 8 internal, 1 software 
Clock generation circuit | Built-in (connect to external ceramic resonator or 

| quartz crystal oscillator) 

Supply voltage 14.0 to 5.5V 
Power dissipation. '20mW (at 5MHz oscillation frequency, typ.) 
Input/output Input/output breakdown voltage|5V 
characteristics Output current 10mA 
External memory expansion | Possible 
Operating temperature range 1-20 to 85°C 
Device structure | CMOS silicon gate 
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3.2 Pin Configuration | 


The pin configuration of the 0.8mm-pitch type is shown in Figure 3.2.1 and that of the 0.65mm-pitch 


type is shown in Figure 3.2.2. 
Internal PROM version is pin compatible with mask ROM version. 
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Outline 80P6N (One-time programmable version) 
80D0 (Internal EPROM version) 


Fig. 3.2.1 0.8mm-pitch Type Pin Configuration (Top View) 
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Outline 80P6S (One-time programmable version) 


Fig. 3.2.2 0.65mm-pitch Type Pin Configuration (Top View) 
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3.3 Functional Block Diagram 
A block diagram of M38063E6-XXXFP is shown in Figure 3.3.1. 


Reset Input 
Vcc Vss RESET CNVss 
~@. 


Clock Input Clock Output 
XIN XOUT 


} 





Clock Generation Circuit 


Fig. 3.3.1 Functional Block Diagram of Internal PROM Version 


INTERNAL PROM VERSION 
3.3 Functional Block Diagram 
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3.4 PROM Mode 

3.4.1 PROM mode 

The internal PROM versions of the M38063M6-XXXFP/GP have a PROM mode in addition to the 
ordinary operating mode. 

The PROM mode is used to write to and read from internal PROM. In PROM mode, a write adapter 
can be used with a general-purpose PROM writer to write to or read from the internal PROM as 
if it were a M5M27C256K. Write adapters are listed in Table 3.4.1. 


Table 3.4.1 Write Adapters 


Microcomputer type name Name of write adapter 
M38063E6FP - PCA4738F-80 
M38063E6GP PCA4738G-80 
M38063E6FS PCA4738L-80 


3.4.2 Notes on writing and reading 

(1) Use a programming voltage of 12.5V. 

(2) During writing and reading with write adapter PCA4738F-80, PCA4738G-80, or PCA4738L-80, set 
switches SW1, SW2, and SWS to “off”. 

(3) Addresses AQ80ie to FFFDie of internal PROM correspond to addresses 208016 to 7FFDie on a 
PROM writer. Addresses 000016 to 207Fic, 7FFEis, and 7FFFie on a PROM writer cannot be 
written to or read from correctly, so limit the PROM writer area to the range from 208016 to 
7FFDie. , 

Note that addresses A000i6 to FFFFie (addresses 200016 to 7FFFic on a PROM writer) can be 
written to and read from correctly, except in the internal EPROM versions. 


3.4.3 Erasure 

Only the internal EPROM version has an erasure window on the top surface of the package. To 
erase the EPROM, shine an ultraviolet light source of wavelength 2537A onto the window for a 
minimum dose of 15W-s/cm:. 


3.4.4 Notes on handling 
(1) Sunlight and fluorescent light include 


wavelengths which will erase an EPROM. 
Unless the internal EPROM version is being Writing with PROM writer 
erased, cover the transparent glass window 


with a light-proof seal. 

(2) Mitsubishi provides light-proof seals 
designed to cover the transparent glass 
window of the internal EPROM version. 
Make sure that the seal does not touch the 
pins of the microcomputer. 

(3) Before erasing the EPROM version, clean 


the transparent glass window. Oil from 
fingers and glue may hinder the transmission Verify test with PROM writer 
of ultraviolet light and adversely affect ee 


erasure. 


(4) Insure that excessive voltages are not used 
when writing. 
Pay particular attention when turning on the 
power source. 

(5) Mitsubishi does not test or screen any Note. Since the screening temperature is higher 
writing to PROM in the M38063E6-XXXFP/ than storage temperature, never expose 
GP after it has left the factory. To improve the chip to 150°C exceeding 100 hours. 
reliability after writing, we recommend that 


the M38063E6-XXXFP/GP is written to and : : — — 
tested in the sequence shown in Figure Fig. 3.4.1 Flow of Writing and Testing of 
341. — One-Time Programmable Versions 


Screening (See Note) 
(Leave at 150°C for 40 hours) 
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4.1 Application Circuit Examples 

Since the M38063M6-XXXFP/GP has 72 I/O ports, it can be used alone to construct a system that 
would conventionally need two microcomputers. Its two built-in serial I/O functions enable its use as 
master microcomputer in a system which makes use of a number of microcomputers, and its large 
memory capacity (24K bytes of ROM and 512 bytes of RAM) enables its use in a wide range of 
applications. Some of these applications are described below. 


4.1.1 CD player system 

An example. of a CD player system which uses the M38063M6-XXXFP is shown in Figure 4.1.1. 
This system also uses a CD LSI kit produced by Mitsubishi, with the M388063M6-XXXFP controlling 
the CD LSlIs and the display functions. Display is on a 7X5 dot, 16-digit dot matrix fluorescent panel 
(FLD), using the M66004SP/FP as a driver. The M38063M6-XXXFP is used in memory expansion 
mode, connected to 256K bits of SRAM which store disk information and programs. The built-in 
A-D converter of the M38063M6-XXXFP is used to provide level search for disk playback—the 
results of A-D conversion determine the recording (playback) level. An electronic voltage controlled 
amplifier is controlled by the D-A converter. By storing Table-of-Contents data in the internal RAM, 
a wide variety of functions such as high-speed access and disk editing can be implemented. 
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5.1 Electrical Characteristics 
5.1.1 Absolute maximum ratings 
Absolute Maximum Ratings 


Symbol Oni 







































Veo V 
Input voltage P0o~P07,P10~P17,P20~P 27, All voltages 
V1 P30~P37,P40~P.47,P50~P57, measured -0.3~Vcc+0.3 | V 
P60~P67,P70~P77,P80~P87,Vrer | with 
V RESET, Xin reference V 
Vi to the Vss V 
Output voltage P0o~P07,P10~P17,P20~P27, pin, output ; 
Vo P30~P37,P40~P47,P50~P5z, transistors -0.3~Vcc+0.3 | V 
P60~P67,P70~P77,P80~P87,Xout | isolated. 
Pd mW 
Topr ac 
Tstg °C 


ELECTRICAL CHARACTERISTICS 
5.1 Electrical Characteristics 





5.1.2 Recommended operating conditions 


Recommended Operating Conditions (Vcc = 4.0 to 5.5V, Ta = -20 to 85°C, unless otherwise noted) 
Symbol Parameter Unit 
Veo rower supply dortege | LAO 88S 
Vss [Power supply voltage = a a si is—<—sssSSCiS [Power supply voltage = a a si is—<—sssSSCiS voltage 
VREF fe reference voltage Vcc 
ie eros SC 
ara selerence voltage 
(wnen Crconeneriwuseg 
AVss Analog power supply valtses ‘Analog power supply voltage SoRaSe. oO | |v 
VIA 
Vin “H” input voltage P0Qo~P07,P10~P17,P20~P27, 
P30~P37,P40~P47,P50~P57, 
| P60~P67,P70~P/7,P80~P87 
Vin “H” input voltage CRESET,Xi,CNVss | 0.8Vec| | Veo VV 
Vit “L” input voltage P0o~P07,P10~P17,P20~P27, | 0 0.2Vcc |V 
P30~P37,P40~P47,P50~P57, 
P60~P67,P70~P77,P80~P87 | 
Vit “L" input voltage RESET 0 =| | 0.2 Vcc _|V 
Viu ML" input _vottage XN 01 Veco V 
Vit “L” input voltage CNVss 0 | | 0.2Vec [V 
Ylou1(peak)|“H” peak output total current P0a~P07,P10“P17;R20-P27; mA 
P30~P37,P80~P87 
Yloxe(peak)|“H” peak output total current P4o~P47,P50~P57,P60~P67 | = = =| =| -80.~—s [mA 
Slou.1(peak)|“L” peak output total current P0o~P07,P1o~P17,P20~P27, 80 mA 








Dlot2(peak)|“L” peak output total current 


Dlon1(avg) 
Dlon2(avg) 
Dloi1(avg) 
Dlov2(avg) 


lon(peak) 


lo.(peak) 


lon(avg) 


loL(avg) 


f(Xin) 
Note 1 


“H” average output total current 
“H” average output total current 
“L” average output total current 


“L” average output total current 


“H” peak output current 








P30~P37,P80~P87 
P40~P47,P50~P57,P60~P67, 
P7o~P77 
PQo~P07,P10~P17,P20~P 27, 
P30~P37,P80~P87 (Note 1) 
P40~P47,P50~P57,P60~P67 
(Note 1) 
P0Qo~P07,P10~P17,P20~P2z7, 
P30~P37,P80~P87 (Note 1) 
P40~P47,P50~P57,P60~P67, 
P7o~P77 (Note 1) 
P0Qo~P07,P10~P17,P20~P2z7, 
P30~P37,P40~P47,P50~P57, 














“L” peak output current 


P60~P67,P70~P77,P80~P87 
P0Qo~P07,P10~P17,P20~P2z7, 
P30~P37,P40~P47,P50~P57, 





“H” average output current 





“L” average output current 








Internal clock oscillation frequency 


P60~P67,P70~P77,P80~P87 
P0o~P07,P10~P17,P20~P2z7, 
P30~P37,P40~P47,P50~P5y7, 
P60~P67,P70~P77,P80~P87 
(Note 1) 

POQo~P07,P10~P17,P20~P2z7, 
P30~P37,P40~P47,P50~P57, 


P60~P67,P70~P77, P80~P87 
(Note 1) 








: The average output currents are average values measured over 100ms. 


-5 mA 
5 mA 
MHz 
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5.1 Electrical Eharacisrisiies 





5.1.3 Electrical characteristics 


















































Electrical Characteristics (Vcc = 4.0 to 5.5V, Vss = OV, Ta = -—20 to 85°C, amess otherwise noted) 
Symbol! Parameter Test conditions Unit 
Vou “H” output voltage POo~P07,P10~P17,P20~P2z7, | lox=-10MA Veo-2.0 V 
P30~P37,P40~P47,P50~P5z7, 
P60~P67,P80~P87 (Note 2) 
VoL “L” output voltage POQo~P07,P10~P17,P20~P27, | lo.=10MA 2.0\V 
P30~P37;P40~P47,F 50°F 57,.| 
P60~P67,P70~P77,P80~P87 
Vis-Vr. [Hysteresis SS CNTRo,CNTRiINTo~INTs | OY 
Vie-Vr. [Hysteresis RD Sock CC OY 
Vi-Vr- Fysleresis Beep V 
NH ” input current P0oe P07, Ple~P17,P20~P27, 
P30~P37,P40~P47,P50~P57, 
P60~P67,P70~P77,P80~P87 | 
lit ” input current RESET,CNVss 
1H ” input current | 
lit ” input current PQo~P07,P10~P17,P20~P27, | Vi=Vss 
P30~P37,P40~P47,P50~P 57, | 
P60~P67,P70~P77,P80~P87 | 
RESET,CNVss | 
lie “L” input current XIN | Vi=Vss | -4 A 
VrRam RAM retention voltage | Clock is 2.0 5.51V 
stopped 
lec [Power supply current (Note 3) [f[Xn)=8MHz_——SSSC~=~“~—SC“*‘“‘ CSC” A 
{(Xin)=5MHz (wait mode) _| rt |. [mA 
With all Ta=25°C 


oscillation stopped 


a 


(stop mode) Ta=85°C 10 


Note 2 : P4s is measured when the P4s/TxD P-channel output disable bit of the UART control 


register (bit 4 of address 001Bis) is “O”. 


Note 3 : Not including the current flowing through the Vrer pin. The A-D converter has completed 


conversion. Output transistors isolated. 
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5.1.4 A-D converter characteristics 
A-D Converter Characteristics (Vcc = 4.0 to 5.5V, Vss = AVss = OV, Vrer = 2.0V to Vec, 
Ta= —20 to 85°C, f(Xin) = 5MHz, unless otherwise noted) 


Symbol | Parameter Test conditions Unit 
Min. Typ. | Max. | 








Si ROSOUIO Oc 5 a on SS I eS 
= LSB 
tconv tc(¢ 
Riaoper | Ladder resistor | 35 | | kQ 
IVAEF Reference power supply input current ; (Note 4) 50 150 200 uA 
io) LA 
Note 4 : When D-A conversion registers (addresses 003616 and 003716) are at “OOt16”. 
5.1.5 D-A converter characteristics 
D-A Converter Characteristics (Vcc = 4.0 to 5.5V, Vss = AVss = OV, Vrer = 4.0V to Vec, 
Ta= —20 to 85°C, unless otherwise noted) 
Symbol | Parameter ‘Test conditions | Limits Unit 
| Min. Typ. Max. 
= [Resolution ——SSSSOC~—“—~™S~SCSCCCCCYSC“‘CSNTTTCdCCC~«dSC‘(CS'S CC Bit 
= [Absolute accuracy s—“‘;SS!CCCOTTTTTTTCSSOC~COCSYSSC*dCCO 
tsu_ [Setting time St ts 
Ro ko 
IVREF Reference power supply input current (Note 5) 3.2 mA 





Note 5 : Using one D-A converter, with the value in the D-A conversion register of the other 
D-A converter being "0016", and not including the ladder resistor of A-D converter. 
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5.1.6 Timing requirements and switching characteristics 
Timing Requirements | 
(Vcc = 4.0 to 5.5V, Vss = OV, Ta = -20 to 85°C, unless otherwise noted) 








Symbol Parameter Unit 
twRESET) | Reset input “L” pulse width ts 
fc( Xin external clock input cycle time -———S~dS 0 | 
tw(Xin) | External clock input “H” pulse width | OTT ds 
twu(Xin) | External clock input “L” pulse width | SOT Ts 
ic(CNTA) | CNTRo, CNTR: input cycle time | B00 ||] ns 
twi(CNTR) CNTRo, CNTR:, INTo to INTa input “H” pulse width | 80; | | ns 
twi(CNTR) CNTRo, CNTR:, INTo to INTs input “L” pulse width | 80/ | [ns 
tc(Scuks) | Serial clock input 1 cycle time | OO TT is 
te(Scuka) | Serial clock input 2 cycle time | 1000 | ss 
twH(Sc.k1) Serial clock input 1 “H” pulse width (Note 6) | 370; {| [ns 
twH(Scikz) Serial clock input 2 “H” pulse width | 400] | | ns 
twe(Scuk1) Serial clock input 1 “L” pulse width (Note 6) | 370; | | ns 
twi(Scrxz) Serial clock input 2 “L” pulse width | 400; | [ns 
isu(RxD-Scua) | Serial input 1 setup me —=SCS | Sd 
isu(Sne-Scue) | Serial input 2 setup ime SSS 200 Pi 

_ 100} | st ns 

L200} ts 


th(Scrk1-RxD) Serial input 1 hold time 

th(Scrke-Sina) serial input 2 hold time 200 

Note 6 : When f(Xin) = 5MHz and bit 6 of address 001Ai6 is “1”. The minimum time is quarter of 
the value when f(Xin) = 5MHz and bit 6 of address O001Ai6 is “OQ”. 


Switching Characteristics 
(Vcc = 4.0 to 5.5V, Vss = OV, Ta = -—20 to 85°C, unless otherwise noted) 
r 


Symbol Paramete Unit 
Typ._[ Max. 

in Sore) Sames0[ |S 
twe(Sctk:) | Serial clock output 1 “L" pulse width | te(Scuxiy/2-30] | ns 
twu(Scike) Serial clock output 2 “H” pulse width ‘tc(Sctk2/2-160] | ‘| ns 
twu(Scike2) Serial clock output 2 “L” pulse width to(Scik2/2-160} =| | ns 
td(Scrk1-TxD) Serial output delay time (Note 7) PT 140] is 
td(Scik2-Soutz) Serial output delay time Po 02 te | 
tv(Scik1-TxD) Serial output hold time (Note 7) -30 | | [ns 
tv(Sctke-Soutz) Serial output hold time Ee Oe eel 

tr Total CMOS pin rise time (Note 8) | 10 830 | ns 
tf Total CMOS pin fall time (Note 8) P| 10 F830 | rs 


Note 7 : When the P4s/TxD P-channel output disable bit of the UART control register (bit 4 of 
address 001Bie) is at “0”. 
Note 8 : Xout pin excluded. 


ELECTRICAL CHARACTERISTICS 
5.1 Electrical Characteristics 





Memory Expansion Mode and Microprocessor Mode Timing Requirements 
(Vcc = 4.0 to 5.5V, Vss = OV, Ta = -—20 to 85°C, unless otherwise noted) 


Symbol | Parameter Unit 
tsu(ONW- 4) | ONW input setup time | 20 Td ns 
th(@ -ONW) | ONW input holdtime 20 ns 
tsu(DB-_¢) | Data bus setup time = | OF ss 
th(@ -DB) Data bus hold time a i ee Saas EF: 


Memory Expansion Mode and Microprocessor mode Switching Characteristics 
(Vcc = 4.0 to 5.5V, Vss = OV, Ta = -20 to 85°C, unless otherwise noted) 





te(¢) |@ clock cycle time | XX) | ns 
twu(9) | @ clock “H” pulse width = sftc(X)-10 | | ns 
twi(¢) ¢ clock “L” pulse width = tc(Xn)-10 | | sd ns 
td(@ -AH) | ADis to ADs delay time | 0 40 I ns 
tv(g_-AH) | ADis to ADe valid time | OT ns 
td(@ -AL) | AD7 to ADo delay time | | 54S I ns 
tv(g -AL) | AD7 to ADo valid time | | ns 
td(@ -SYNC) | SYNC delay time | 2 ns 
tv(g -SYNC) NING eMC ONC no oe ee ee Oe ee NS 
td(@ -WR) | RD and WR delay time O20 I ns 
tv(g_-WR) ns 
td(@ -DB) __| Data bus delay time | 200 | ns 
tv(@ -DB) | Data_bus valid time | ns 
td(RESET-RESETout) | RESETout output delay time (Note 9) | | | 200] ns 
tv(@ -RESET) RESETour output valid time (Note 9,10) o/ [| 200] ns 


Note 9 : This is valid only in microprocessor mode. 
Note 10 : The RESETour output goes “H” with the rise of the @ clock, between 1 cycle and 19 cycles 
after the RESET input goes “H”. 





5.1.7 Test conditions 


Output pin to be Output pin to be 
measured measured 
100pF 


100pF 


2, 


CMOS output N-channel open drain output 





Fig. 5.1.1 Circuit for Measuring Output Switching Characteristics 
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5.1.8 Timing diagram 
(1) Timing diagram 


{C(CNTR) 
CNTRo, CNTRi1 


pa | 
F 0.8Vcc : 
INTo~INT4 0.2Vcc 
tw(RESET 
0.8Vcc | 


{C(Xin 


eet | 
; 0.8Vcc : 
| 0.2Vcc 













XIN 
tc(Scik1), tC(ScLK2) 
tf tWL(Scik1), tWL(ScLk2) tr tWH(Sctk1), {tWH(SciK2) 
ge 
RxD y < 
mo LESSRRRRKPRE RRR 


tv(Scik1-TxD), 
tV(ScLK2-SouT2) 
td(ScLk1-TxD), td(Scik2-SouT2) 

Yo > a i. 


SOUT2 
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(2) Memory expansion mode, microprocessor mode 


AD15~ADs8 


AD7~ADo 


td(9-WR) 
0.5Vcc 
tSU(ONW-9 ) th(¢ -ONW) 
on XXXXXXXXXXKMMOe RX 
[\I\/\I\I NII NI NINN NVI NS 0.2V 60 t\/\ 
tSu(DB-¢) — | th(@-DB) 


DBo~DB7 
(At CPU reading) 


DBo~DB7 
(At CPU Writing) 





(3) Microprocessor mode 


0.5Vcc 


td(RESET-RESETour) tV(@- RESETouT) 


RESETout 0.5Vcc 
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5.2 Typical Characteristics 
5.2.1 Typical current consumption 
The typical current consumption of the M38063M6-XXXFP/GP is as shown in Figure 5.2.1. 


oquare wave input 


ee 7 
mode 

25°C 

Vcc = 4.0V 


Wait mode 
25°C 


= 
a 
VA 
7 


Vcc = 5.5V 
ima Vcc = 4.0V 
4 5 


f(Xin) (MHz) 





Fig. 5.2.1 Typical Current Consumption 
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5.2.2 Typical port characteristics 
Typical port characteristics of the M38063M6-XXXFP/GP are shown in Figures 5.2.2 and 5.2.3 


[loH -VoH Characteristics (P-channel drive) for port POo 


| 


Pa 
Arlt 


AVAL 
EEREEEE 


VA i itt 
EERREEE 


Etter 
Geen... 


PTTL ABT 


LL VAL 


Sco EE 
Le 
MY 


[lo. -Vot characteristics (N-channel drive 


~ee” 


for port POo] 


COTTE 
BASSUHRREE 
BERBNSSSSEE 

\ \ 


s 
ST TLANN EE 





Fig. 5.2.3 Typical Characteristics of Port PO N-Channel Output Transistor 
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5.2.3 Typical A-D conversion characteristics 

Typical A-D conversion characteristics of the M38063M6-XXXFP/GP are shown in Figure 5.2.4. 
The line in the lower part of the graph shows the absolute accuracy error. This indicates the 
deviation from the ideal value at the point that the A-D output changes. For example, the change 
in the A-D output from O0O16 to 01:16 should ideally occur at the point that AN: = 10mV, but since 
it changes at OmV, the error is: 10 - 0 = 10mV. 

The line in the upper part of the graph shows the step width of the input voltage at any given 
A-D output value. For example, the measured step width of the input voltage is 22mV when the 
A-D code is ODi6, and the non-linearity error is 22 - 20 = 2mV (0.3 LSB). 


A-D CONVERTER STEP WIDTH MEASUREMENT 


1 LSB WIDTH (Differential nonlinear) 
ERROR (Absolute accuracy) 
Voco=5.12 [V] , Veer=5.12 [V] 
Xin=4.80 [MHz] , ANALOG Port P6, 
Temp.=25deg. 
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ERROR [mv] 
































STEP NO. 


Measured after the power source has stabilized during operation in single-chip mode 





Fig. 5.2.4 Typical A-D Conversion Characteristics 
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5.2.4 Typical D-A conversion characteristics 

Typical D-A conversion characteristics of the M38063M6-XXXFP/GP are shown in Figure 5.2.5. 
The line in the lower part of the graph shows absolute accuracy error. This indicates the difference 
between the ideal analog output and the measured output value. 

The line in the upper part of the graph shows the step width of the output analog value for a one- 
bit change in the value input to the D-A converter. 


D-A CONVERTER STEP WIDTH MEASUREMENT 


1 LSB WIDTH (Differential nonlinear) 


ERROR (Absolute accuracy) 
Voc=5. 12 [Vv] , Veer). 12 [V] 
Xin=4. 80 [MHz] , ANALOG OUTPUT — DA 
Temp.=25deg. 


7 30 





20+1LSB 











110 




















ERROR [mv] 
HLGIM @S71 | 



















































































ERROR [mV] 
HLGIM @S71 | 















































160 168 176 184 192 200 208 216 224 232 
STEP NO. 


Measured after the power source has stabilized during operation in single-chip mode 





Fig. 5.2.5 Typical D-A Conversion Characteristics 
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Appendix 1 Package Outlines 


Package Name Surface Treatment __ Weight(g) EIAJ Code No. JEDEC Code No. 
80P6N Solder plating SC-564-A or equivalent - 


Scale : 2.5/1 














SEATING PLANE 









SEATING PLANE 
SEE DETAIL F 


8 Et, 


DETAIL F 








Unit : mm(inch) 





























Scale : 1.5/1 
0.8 
eee ; Dimension in Millimeters | —sdDimension ininches | (0. 031) 
, ae = | —_ DOODDHONOD OOO 
2 oC 
= = 
= S 
S S 
So a 
=] = 
2 —— =! 
3 —_— 
~ =) 
= S olf 
=I all a 
: g os 
= a 
a = 
DODDGDODNNON D000 
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___EIAJ Code No. 
SC-563-A or equivalent 





JEDEC Code No. 












Package Name Lead Treatment = |_~—Weight(g) 
80P6S Solder plating 


Scale | 2.5/1 
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DETAIL F 
Unit : mm(inch) 


Scale : 1.5/1 
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Appendix 2 Handling of Unused Pins 


Table 1 Example of Handling of Unused Pins (in single-chip mode) 


Pin or port | Handling 

Ports PO to P8 | Set to input mode, and use a pull-down resistor 
_ VREF | Use a pull-down resistor 

Xout pin | Leave open 


Table 2 Example of Handling of Unused Pins (in memory expansion or microprocessor mode) 


Pin or port Handling 

Port P30, P31, P4 to P8 ' Set to input mode, and use a pull-down resistor 

VREF | Use a pull-down resistor 

Xout pin | Leave open 

ONW_Pin | Use a pull-up resistor 

RESETour pin | Leave open 

SYNC pin | | Leave open 

@ pin | Leave open 

RD and wR pins Leave open | 
ADo to ADis pins | Leave open 





VREF 


Ports PO~P8 F- 
(Set input mode) Ports P30, P31, P4~P8 
(Set input mode) 


VREF 


ONW 
RESETout 
SYNC 

p 


XOUT 


ADo~AD15 


single-chip Mode _ Memory Expansion Mode 
Microprocessor Mode 





Fig. 1 Example of Handling of Unused Pins in the M388063M6-XXXFP/GP 
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Appendix 3 Notes on Use 


Keep the following points in mind during 
programming: 


1. Processor status register 
(1) Initialization of processor status register 
The contents of the processor status register 
(PS) after a reset are undefined, except for 
the | flag which is “1”. Therefore, flags which 


affect program execution must be initialized Flags Initialization 


after a reset. 


In particular, it is essential to initialize the T 
and D flags because they have an important Main Program 
effect on calculations. 

| 


Initialization of Flags in PS 


(2) How to reference the processor status 
register 
To reference the contents of the processor 
status register (PS), execute the PHP 
instruction once then read out the contents of 
(S + 1). If necessary, execute the PLP 
instruction as well to return the PS to its Saved PS 
Original, saved status. 


Stack Memory Contents after PHP Instruction Execution 





2. Interrupts 
The contents of the interrupt request bits can be 


changed by software, but the values will not : : 
change immediately after the overwriting || Switch the Interrupt Request Bit 
instruction is executed. Therefore, note the 
following point: 


(1) To execute a BBC or BBS instruction NOP Instruction 


After changing the value of the interrupt 
request bits, execute at least one instruction 


before executing a BBC or BBS instruction. BBC or BBS Instruction 
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3. Decimal calculations . 

(1) Execution of decimal calculations 
To calculate in decimal notation, set the 
decimal mode flag (D) to “1” with the SED 
instruction, then execute the ADC or SBC 
instruction. After executing the ADC er SBC 
instruction, execute another instruction before 
executing a SEC, CLC, or CLD instruction. 


(2) Note on flags in decimal mode 

When decimal mode is selected (D flag = 1), 
the values of three of the flags in the status 
register (the N, V, and Z flags) are invalid 
after the ADC or SBC instruction is executed. 
The carry flag (C) is set to “1” if a carry is 
generated as a result of the calculation, or it 
is cleared to “0” if a borrow is generated. It 
can be used as a flag to determine whether 
the calculation has generated a carry or a 
borrow, but the C flag must be initialized 
before the calculation. 


4. Timers 

(1) Timer division 
lf a value N (between 0 and 255) is written 
obtained. 


5. Clock synchronous serial |/O1 

(1) Srov:1 output 
In clock synchronous serial 1/O1 mode, if the 
receiver is using an external clock and it is to 
output the Srvyi signal, set the transmit 
enable bit, the receive enable bit, and the 
Sroy1 Output enable bit to “1”. oo 
If the receiver is not to output the Sroyi 
signal, or if it is using the internal clock, there 
is no need to set the transmit enable bit. 











(2) Initial setting of serial 1/O1 interrupts 

To enable serial [/O1 interrupts, set the 

system in the following sequence: 

1.Use the CLB instruction to clear the 
interrupt enable bits to “O” (disabled). 

2. Prepare for serial |/O1 transfer. 

3. After at least one instruction, use the CLB 
instruction to clear the interrupt request 
bits to “OQ”. 

4.Set the interrupt enable bits to “1” 
(enabled). 


set D Flag to “1” 
i 
ADC or SBC Instruction 


NOP Instruction 
SEC, CLC or CLD Instruction 





to a timer latch, a division ratio of 1/(N + 1) is 


Interrupt Enable Bit Clear 


Prepare forT ransmit/Receive 
NOP Instruction 


Interrupt Request Bit Clear 
Interrupt Enable Bit Set 


Initial Setting of Serial 1/O Interrupts 
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6. A-D conversion 

The comparator has capacitors in its construction, and charge will be lost if the clock frequency is 
too low. Therefore, make sure that f(Xin) is at least 500kHz when using A-D conversion. (If the ONW 
pin is to “L”, the A-D conversion will take twice as long to match the bus cycle. In this case f(Xin) 
must be at least 1MHz.) 

Do not execute the STP or WIT instruction during A-D conversion. 





7. Multiplication and division instructions 
The MUL and DIV instructions do not affect the T and D flags. 


8. JMP instruction 
When using the JMP instruction (in indirect addressing mode), do not specify the last address on 
a page as an indirect address. 


9. Ports 

(1) Note on using the P4s pin for N-channel open drain output 
The output format of the P4s pin can be selected by the P-channel output disable bit of the UART 
control register. When this bit is °0”, ordinary CMOS output is selected; when it is “1”, N-channel 
open drain output is selected. 
Note that the voltage applied to this pin must not exceed Vcc + 0.3V, even if N-channel open 
drain output is selected. 


(2) Port direction registers 
The contents of the port direction registers should not be read. Do not use the following 
instructions to determine the contents of these registers: 
* A memory operation instruction (e.g., LDA) when the T flag is “1”. 
¢ An addressing mode that treats the value of a port direction register as a modified value. 
* A bit test instruction (e.g., BBC or BBS). 
¢ A bit manipulation instruction (e.g., CLB or SEB). 
¢ An instruction that performs a read-modify-write on a port direction register (e.g., ROR). 
Use instructions such as the LDM and STA instructions to set the port direction registers. 


10. Read-only and write-only registers 
Read-only and write-only registers are listed in Table 3. 


Table 3 Read-Only and Write-Only Registers 


Read/write ' Register name 

Read-only register Serial 1/01 status register, Serial 1/01 Receive Buffer, Interrupt request register 1, 
_ interrupt request register 2 (Note 1) 

Write-only register Port direction registers (Note 2) 


Note 1: The bits of the interrupt request registers can only be cleared (1 to Q). 
Note 2 : For further details, see the previous section, 9. “Ports”. 
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Appendix 4 SFR Memory Map 


003616 D-A1 Conversion Register 


ie i a aria 
ee | ee D-A2 Conversion Register 


001716 


000016 002016 
0001 00211 
000216 00226 
000816 002316 
000416 002416 
000516 002616 
000616 002616 
000716 | Port PS Direction Register| 00271 
000816 oo28e [TO 
000016 ooase [TT 
000Ar6 czar [SC—*S 
000816 002B16 FT 
000C6 002016 [TO 
000016 002Di6 [TS 
000E14 oo2Ee fT 
000F o02Fie [TS 
001016 0030 [TO 
004116 Se 
oot [008218 
001816 [008818 
001416 [dC (A 
ie, TE Mo 
001816 003816 [TT 
001916 003916 
001Ar6 008A16 
001B16 003816 


001016 003C16 
001016 003016 
oie f—_] _008E6 
001F 003F 1 





Fig. 2 SFR Memory Map 
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Appendix 5 Control Registers 


Table 4 Serial 1/O1 Status Register 


bit 7 bit 0 


at {[ | ot ft ft 4 Serial 1/O1 status register (address 001916) 


Transmit buffer empty flag 

O : Buffer full 

1 : Buffer empty 

Receive buffer full flag 

0 : Buffer empty 

1 : Buffer full 

Transmit shift register shift Completion flag 
0 : Transmit shift in progress 
1 : Transmit shift completed 
Overrun error flag 

0 : No overrun error 

1: Overrun error occurred 
Parity error flag 

O : No parity error 

1 : Parity error occurred 
Framing error flag 

0 : No framing error 

1: Framing error occurred 
Summing error flag 

0) OE PE U-FE =0 

14 Oe Ue Pe Ube. = 4 
This bit is not used; it returns “1” when read 


This register is read only. 
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Table 5 Serial 1/01 Control Register 


bit 7 bit 0 


ae es Sa ae Se ae i ae Serial 1/O1 cattral register (address 001Ate) 


BRG count source select bit 
0 : Oscillation frequency f(Xin) 
1 : Oscillation frequency f(Xin) divided by 4 
Serial 1/01 synchronization clock select bit 
(1) When clock synchronous serial I/O1 is selected 
O : BRG output divided by 4 
1 : External clock input 
(2) When clock asynchronous serial I/O is selected 
0 : BRG output divided by 16 
1 : External clock input 
Sroyi output enable bit 
When clock synchronous serial 1/O1 is selected 
: Sroy: output disabled 
: Sroyi output enabled 
When clock asynchronous serial I/O is selected, 
this bit is invalid. 
ransmit interrupt source select bit 
: Interrupt when transmit buffer has emptied 
: Interrupt when transmit shift operation is completed 
ransmit enable bit 
: Transmit disabled 
: Transmit enabled 
eceive enable bit . 
: Receive disabled 
: Receive enabled 
erial 1/O1 mode select bit 
: Clock asynchronous serial 1/O 
: Clock synchronous serial I/O 
erial 1/O1 enable bit 
: Serial 1/O disabled 
: Serial I/O enabled 
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Table 6 UART Control Register 


Table 7 Serial 1/O2 Control Register 


UART control register (address 001Bie) 


Character length select bit 


0 
1 


: & bits 
: 7 bits 


Parity enable bit 


0 
1 


: Parity checking disabled 
: Parity checking enabled 


Parity select bit 


Oe 


1 


Even parity 


: Odd parity 


Stop bit length select bit 


0 
; 


: 1 stop bit 
- 2 stop bits 


P4s/TxD P-channel output disable bit 


0 
1 


- CMOS output (in output mode) 
>: N-channel open drain output (in output mode) 


These bits are not used; they return “1” when read 





Serial 1/02 control register (address 001Dte) 


Internal synchronization clock select bit 


000 


O01 : 
010 : 
O11 : 
TOP 4 


111 


: {(Xin) divided by 
{(Xin) divided by 
{(Xin) divided by 
{(Xin) divided by 
1(Xin) 

) 


f( XIN 


divided by 
divided by 


Serial 02 port select bit 


a 
y 


I/O ports 


: Soute output, Scike function 


Srove output enable bit 


QO: 
1 
Transfer direction select bit 
O : LSB first 


| 


I/O port 


: Sroye signal output 


: MSB first 


synchronization clock select bit 


O.3 
y 
This 


External clock 


- Internal clock 


bit is not used; it returns “O” when read 
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Table 8 Timer XY Mode Register 
bit 7 bit 0 


Timer XY mode register (address 002316) 


Timer X operation mode bit 


00 : Timer mode 
O01 : Pulse output mode 
10 : Event counter mode 
11: Pulse width measurement mode 
CNTRo active edge selection bit 
QO : Interrupt at falling edge 
Count at rising edge (Event counter mode) 
1: Interrupt at rising edge 
Count at falling edge (Event counter mode) 
Timer X count stop bit 
0 : Count start 
1 : Count stop 
Timer Y operation mode bit 
00 : Timer mode 
O01 : Pulse output mode 
10 : Event counter mode 
11 : Pulse width measurement mode 
CNTR: active edge selection bit 
O : Interrupt at falling edge 
Count at rising edge (Event counter mode) 
1: Interrupt at rising edge 
Count at falling edge (Event counter mode) 
Timer Y count stop bit 
O : Count start 
1 : Count stop 


Note : At reset, the timer XY mode register is cleared to “OOi6”. 
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Table 9 AD/DA Control Register 


bit 7 bit 0 


| | ef a | | i AD/DA control register (address 003416) 


Analog input pin select bit 
bit2 bit1 bitd 

> P60/ANo 

> P61/ANi 

: P62/ANe 

- P63/ANs 

: P64/ANa 

: P65/ANs 

- P66/ANe 
1 1 1 =: P67/AN7 
A-D conversion completion bit 
0 : Conversion in progress 
1 : Conversion completed 
These bits are not used; they return “0” 
when _ read 
D-A1 output enable bit 
0 : Output disabled 
1 : Output enabled 
D-A2 output enable bit 
0 : Output disabled 
1 : Output enabled 
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Table 10 Interrupt Edge Selection Register 


bit O 
|_|] Interrupt edge selection register (address 003A\16) 


INTo active edge switch bit 
INT1 active edge switch bit 


This bit is not used; 
it returns "O" when read. 


INT2 active edge switch bit 
INTs active edge switch bit 
INT4 active edge switch bit 


0 : Interrupt at falling edge 
1 : Interrupt at rising edge 


These bits are not used: 
they return "O" when read. 





Table 11 CPU Mode Register 


ere CPU mode register (address 003B16) 


Processor mode bit 
bitO bit1 
QO 0: Single-chip mode 
QO 1:Memory expansion mode 
1 0: Microprocessor mode 
1 1:Do not used 


Stack page select bit 
0: In page 0 area 
1: In page 1 area 


These bits are not used; 
they return "O" when read. 
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Table 12 Interrupt Request Registers 


bit 7 bit 0 


Raa | Interrupt request register 1 (address 003Ci6) 


INTo interrupt request bit 

INT: interrupt request bit 

Serial 1/01 receive interrupt request bit 
Serial 1/O1 transmit interrupt request bit 
Timer X interrupt request bit 

Timer Y interrupt request bit 

Timer 1 interrupt request bit 

Timer 2 interrupt request bit 


Interrupt request register 2 (address 003Die) 


CNTRo interrupt request bit 

CNTR: interrupt request bit 

Serial 1/O2 interrupt request bit 

INT2 interrupt request bit 

INTs interrupt request bit 

INTs interrupt request bit 

A-D conversion interrupt request bit 

This bit is not used; it returns “O” when read. 


QO : No interrupt request issued 
1: Interrupt request issued 


The bits of these registers can only be cleared (1 to 0). 
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bit 7 bit O 
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Interrupt control register 1 (address 003E16) 


INTo interrupt enable bit 

INT: interrupt enable bit 

Serial 1/O1 receive interrupt enable bit 
Serial 1/01 transmit interrupt enable bit 
Timer X interrupt enable bit 

Timer Y interrupt enable bit 

Timer 1 interrupt enable bit 

Timer 2 interrupt enable bit 


Interrupt control register 2 (address QO3F ie) 


CNTRo interrupt enable bit 

CNTR: interrupt enable bit 

Serial !/O2 interrupt enable bit 

INT2 interrupt enable bit 

INTs interrupt enable bit 

INTs interrupt enable bit 

A-D conversion interrupt enable bit 

This bit is not used; it returns “O” when read. 
Do not write “1” to this bit. 


O : Interrupt disabled 
1 : Interrupt enabled 
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Appendix 6 Ports 


Ports PO,P1,P2,P3,P40,P41,P50,P8 


Direction Register T 
L) 


O 
St 






Data Bus 









Port P44 


Serial 1/01 Enable Bit 
Receive Enable Bit 


ae ear 
oeoe| 


_ it 


Serial /O1 Input < 


Fig. 3 Port Circuits (1) 
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Port P45 


Serial I/O Enable Bit 


Transmit Enable Bit 


Data Bus 





Serial 1/01 Output 


Port P46 


Serial 1/01 Clock Select Bit 
Serial /O1 Enable Bit RS 


Serial /O1 Mode Select Bit —_ 
Serial I/O1 Enable Bit 


Direction Register 


Ri 







Serial Clock1 Output > External Clock1 Input <a 


Port P47 
Serial 1/01 Mode Select Bit 
Serial 1/O1 Enable Bit 
a. — 
ry 
O) 
as is 
















Srpy1 Output Enable Bit 


Direction Register 





Data Bus 





Serial Ready1 Output 


Fig. 4 Port Circuits (2) 
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Ports P54,P5s5 


Direction Register 






Data Bus 






Pulse Output Mode 
Timer Output 


ff 


Counter Input 
Interrupt Input 


Port P56 


Data Bus 


D-A Converter Output —»—-O~%O 


D-Ai output enable bit 
nan 


‘ Data Register 5% 


Port P57 












D-A Converter Output —~—O ~O 
D-A2 output enable bit 


Fig. 5 Port Circuits (3) 
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Port P6 


Data Bus Data Register Ka 


vy, 
[Date Restor 
eee ¢ 


A-D Converter Input —»—O “© 


Analog input pin select bit 
aed 
Data Register 


| Data Register | 
not * 
ae 









Port P7o 









Y 






Port P71 


Serial //O2 Transmit Complete Signal 
Serial /O2 Port Select Bit 


Data Bus 


Fig. 6 Port Circuits (4) 
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Port P72 


g 
o 
fe) 
IN) 
U 
° 
5 
g 
® 
Q 
Ww 
cal 
@ 









Data Bus ; | Data | Data Register ff — i 
Serial Clock2 Output {| External Clock2 Input aul 
Port P73 


SRpDY2 Output Enable Bit 






Data Bus 


Serial Ready2 Output 


Port P74~P/7 


Direction Register Direction Register 


Data Bus } Data Register — 


Fig. 7 Port Circuits (5) 
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Appendix 7 Machine Instruction 


MACHINE INSTRUCTIONS 





Addressing mode 














Function Details } imp | IMM | 
joP| n | # 
2 


ADC When T=0 Adds the carry, accumulator and memory con- 
(Note 1) | A-A+M+C tents. The results are entered into the accumu- 
(Note 5) lator. 

When T=1 Adds the contents of the memory in the address in- 

M (X)+-M(X)-++M-+C | dicated by index register X, the contents of the 
memory specified by the addressing mode and the 
carry. The results are entered into the memory at the 
address indicated by index register X. 


AND When T=0 “AND’s” the accumulator and memory contents. 
(Note 1) | A-AAM The results are entered into the accumulator. 
“AND’s” the contents of the memory of the address 
When T=1 indicated by index register X and the contents of the 
M(X)+-M(X) AM memory specified by the addressing mode. The re- 
sults are entered into the memory at the address in- 
dicated by index register X. 



































































































































ASL 7 O Shifts the contents of accumulator or contents of 
c-+[_j+0 memory one bit to the left. The low order bit of 
the accumulator or memory is cleared and the 
high order bit is shifted into the carry flag. 
BBC Ab or Mp=0? Branches when the contents of the bit specified 
(Note 4) in the accumulator or memory is “0”. [ 
BBS Ab or Mp=1? Branches when the contents of the bit specified 
(Note 4) in the accumulator or memory is “1”. 
BCC C=0? Branches when the contents of carry flag is “0”. 
(Note 4) 
BCS C=1? Branches when the contents of carry flag is “1”. 
(Note 4) 
BEQ Branches when the contents of zero flag is “1”. 
(Note 4) | 
BIT AAM “AND’s” the contents of accumulator and mem- 
ory. The results are not entered anywhere. 

















N=1? Branches when the contents of negative flag is 


“y gs 





















































































BNE Branches when the contents of zero flag is “0”. 
(Note 4) 
BPL Branches when the contents of negative flag is 
(Note 4) 0%: 
BRA Jumps to address specified by adding offset to 
the program counter. rey yt yt. 
BRK Executes a software interrupt. 00; 7 | 1 
M(S)+-PCy | 
S+S—1 
M(S) «-PC, 
S+S—1 
M(S)+-PS 
S+S-—] 
PC,.+AD_L 
PCy*-ADy 
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Processor status register 




















i 
4 























ZP.X ZP,Y ABS | ABS.X | ABS,Y | IND | ZP,IND | IND.x | INDY | REL SP 6/5 321110 

T ae 

Of JOP ae [|e [JO | fm | Joe a | foe oP | 0? iw iticlal cic 

| 6014/3 17p/5 | 3179/5! 3 61/6 12I71/6 | 2 T ; °/Z/C 
2 2p| 413 Ispl 5 | 3 [39/513 iS rarlel2izilel2t | 
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Addressing mode 
Symbol Function Details 
= OP! n | # foP| n | [oP] n 
BVC v=0? Branches when the contents of overflow flag is 
(Note 4) “0.” z 
BVS V=1? Branches when the contents of overflow flag is 
(Note 4) a | re 
CLB Ab or Mp0 Clears the contents of the bit specified in the a ae LF 
accumulator or memory to “0.” 2i i 
CLC C+0 Clears the contents of the carry flag to “0.” 18/2) 1 eth dete lla se lees Ph al | 
CLD D~-—0 Clears the contents of decimal mode flag to |D8! 2 | 1 
: CCA eee 
CLI IO Clears the contents of interrupt disable flag to |58| 2 | 1 
: PCO eee 
CLT T—0O i Clears the contents of index X mode flag to “0.” i i; 
CLV V~-0 Clears the contents overflow flag to “0.” 4 | | | 
CMP When T=0 Compares the contents of accumulator and C9} 2 | 2 | Bal S32 
(Note 3) | A—M memory. 
When T=1 | Compares the contents of the memory speci- 
M(X)—M fied by the addressing mode with the contents 
of the address indicated by index register X. 
COM M+-M Forms a one’s complement of the contents of 44/5/2 
memory, and stores it into memory. é 
CPX X—M Compares the contents of index register X and EO| 2 | 2 E4;3 12 
ens PLLRPPRELE ELL PEL EL 
CPY Y—M “ Compares the contents of index register Y and CO! 2 | 2 C4 3 | 2 
= LLP PPLE LL PRPELTE 
DEC A+-A—1 or Decrements the contents of the accumulator or 1A) 211 C6! 5 | 2 
M<M—1 memory by 1. 
DEX X+-X—] Decrements the contents of index register X by |CA 
: SORRHERIEE 
DEY Y¥y-I Decrements the contents of index register Y by |88 | 
a2a 
DIV A+ (M(zz+X+ 1), Divides the 16-bit data that is the contents of 
M (zz-+X))/A M (zz+x+1) for high byte and the contents of 
M (S) + 1’s comple- | M(zz+ x) for low byte by the accumulator. 
ment of Remainder Stores the quotient in the accumulator and the 
S+S— 1 1’s complement of the remainder on the stack. 
 EOR When T=0 “Exclusive-ORs” the contents of accumulator 49'2|2 45; 3/2 
(Note 1) | A*-A¥M and memory. The results are stored in the 
accumulator. . 
When T=1 “Exclusive-ORs” the contents of the memory 
M (X) <M (X)-4M specified by the addressing mode and the con- 
tents of the memory at the address indicated by 
index register X. The results are stored into the 
memory at the address indicated by index reg- 
ister X. 
INC A+-A+1 or Increments the contents of accumulator or 3A} 2/1 E6; 5 | 2 
ia... x 
INX X+-X-+1 Increments the contents of index register X by |E8/ 2 | 1 
Y<-Y+1 Increments the contents of index register Y by cee 
1. 




















oO) 
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Processor status register 


Addressing mode 
























































2 ee ae a 

N iN [N [Nn [nN [N | 

Pale 2 

ase eee ee eel 





















































REL 
n 
2|2 
ii 














r 











IND,Y 














IND,X 





+ |OP|/ n/# |OP| n/# 








OP 
50 
70 























ZP,IND 





























































































































: 
a 
iF ———= = 

= a a ee ae ae [Snares ees Seen 
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————————— Ee 
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= a a (ae ae eee | |e a eee Ce eee 
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a a 
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Addressing mode 








Details 





ZP 


Symbol Function 


If addressing mode is ABS 
PC,+-AD, 
PCy*-ADy 

If addressing mode is IND 
PC.+M(ADy, AD,) 
PCu+-M(ADu, AD, +1) 
if addressing mode is ZP, IND 
PC.+-M (00, AD,) 


JSR M(S)+-PCy After storing contents of program counter in 
S+S—]1 . stack, and jumps to the specified address. 
S+-S—1 
After executing the above, 
if addressing mode is ABS, 
PC,*+AD, . 
PCy*ADy 
If addressing mode is SP, 
PC,*AD, 
PCy+-FF 
If addressing mode is ZP, IND, 
PC,.*M (00, AD,) 
LDA 
(Note 2) 
LDX 
LDY Load index register Y with contents of memory. 
LSR 7 0 Shift the contents of accumulator or memory to 
o—-L_|i~c the right by one bit. 
The low order bit of accumulator or memory is 
stored in carry, 7th bit is cleared. 
MUL 
NOP 


i 
aa 
> 
i 
= 
> 


ae | ee ere 
on Ww Ww a WwW 
ine) ine) ine) ow Ro 


i Rae Rr eet ree $/o 
N 
+4) 0 


3 
Ea 
Ea 





Jumps to the specified address. 
















































































Load accumulator with contents of memory. 5 



























> 
<e) 
De) 
N 








Load memory with immediate value. 











Load index register X with contents of memory. 








ieee I 
Oo ho 
PE 
es ee ee 
rs 
> 
os — 
+S @ 
ros) es a QO 














PCy+-M (00, AD, +1) 
When T=0 

M(S) -A*-AXM (zz+X) Multiplies the accumulator with the contents of 
S-S— 1 memory specified by the zero page X addressing 


A+-M 
When T=1 Load memory indicated by index register X with 

mode and stores the high byte of the result on 
the stack and the low byte in the accumulator. 


M (X) +—-M contents of memory specified by the addres- 
PC+-PC-+1 No operation. 
ORA When T=0 “Logical OR’s” the contents of memory and 09/2) 2 05; 3 
(Note 1) |. As-AVM accumulator. The result is stored in the accu- 
mulator. 
When T=1 “Logical OR’s” the contents of memory indi- 
M (X) -—M(X) VM cated by index register X and contents of mem- 
ory specified by the addressing mode. The re- 
sult is stored in the memory specified by index 
register X. 


sing mode. 
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Addressing mode 





ABS,Y 


IND ZP,IND 








ABS ABS,X 
cea OP} n|#/OP/ n|# {0 


n | # |OP n | # oP} 


a 


IND, Y REL 
OP! n + |OP 





Processor status register 


















































| il 











5 | 3 |B2| 4 | 2 
02; 7/2 








(ep) 










































































iii 





a TT 
| 











(op) 
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Details 





Saves the contents of the accumulator in memory at | 48 
the address indicated by the stack pointer and de- 
crements the contents of stack pointer by 1. 

Saves the contents of the processor status reg- 
ister in memory at the address indicated by the 
stack pointer and decrements the contents of 


Pie [ww [ «| ema | zp [eras 


Ges 


3° ||, I 
1 








the stack pointer by 1. 









Increments the contents of the stack pointer by 1 

and restores the accumulator from the memory at the 
address indicated by the stack pointer. 

‘Increments the contents of stack pointer by 1 
and restores the processor status register from 
the memory at the address indicated by the 


stack pointer. 





Shifts the contents of the memory or accumula- 
tor to the left by one bit. The high order bit is 
shifted into the carry flag and the carry flag is 
shifted into the low order bit. 








Shifts the contents of the memory or accumula- 
tor to the right by one bit. The low order bit is 
shifted into the carry flag and the carry flag is 
shifted into the high order bit. 

Rotates the contents of memory to the right by 4 
bits. 

































Symbol Function 

PHA M(S)+-A 
S+S—1 

PHP M(S)+-PS 
S+S-—] 

PLA S+S+1 
A+M(S) 

PLP S+S+1 
PS+M(S) 

ROL 7 0 

poe lel 
7 0 
ec 
RRF 70 
pia 

RTI S+St1 
PS~M(S) 
S+S+1 
PC,+M(S) 
S+S+1 

RTS S+S-+1 
PC, +M(S) 
S+S+1 

SBC | When T=0__ 

(Note 1) | A-A—M—C 
(Note 5) 

When T=1 


M(X)<—M(X) —M—C 





Returns from an interrupt routine to the main |40 
routine. 











Returns from a subroutine to the main routine. 


Subtracts the contents of memory and comple- 
ment of carry flag from the contents of accumula- 
tor. The results are stored into the accumulator. 
Subtracts contents of complement of carry flag 
and contents of the memory indicated by the 
addressing mode from the memory at the 
address indicated by index register X. The re- 
sults are stored into the memory of the address 
indicated by index register X. 





Sets the specified bit in the accumulator or 
memory to “1.” 


Sets the contents of the carry flag to 


“4 ie 


Sets the contents of the decimal mode flag to 


“ nu 





N 
© 


Sets the contents of the interrupt disable flag to 


4 2 





Sets the contents of the index X mode flag to 





4/1 
ry) 







. Addressing mode 





ae ae 
aes ee 








a ee eee 
— 
ee |e cies 


NO 
> 











6 | 1 








“4 ” 


























eer | ey 
2i 2i 
wa Ie esc alte ace 
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Processor status register 


lel5 aE 
VITIBID/I -EIZ 






Addressing mode 






















ABS ABS,X | ABS,Y IND ZP,IND | IND,X IND,Y RE SP 
P ailal Beata he acne be a . 
#/OP|/ n/|#/OP/ n/|+/O0P/ n # |OP| n 





+ lop! n + |OP n | # [oP| n | # oP| n 
| 





Zin] 





+ 























































































































stack) 





(Value saved in 
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Stops the oscillator. 


Stores the contents of index register X in 
memory. 





































Note 
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Stores the contents of index register Y in 
memory. 
Transfers the contents of the accumulator to in- 
dex register X. 





Transfers the contents of the accumulator to in- 
dex register Y. 
Tests whether the contents of memory are “0” 
or not. 





















Transfers the contents of the stack pointer to in- 
dex register X. oe 





Transfers the contents of index register X to the 
accumulator. 
Transfers the contents of index register X to the 
stack pointer. 





Transfers the contents of index register Y to the 
accumulator. 


6h 


The number of cycles “n’ is increased by 3 when T is 1. 


be 9 


The number of cycles ‘nis increased by 2 when T is 1. 


The number of cycles “n” is increased by 1 when T is 1. 


The number of cycles “nis increased by 2 when branching has occurred. 
N, V, and Z flags are invalid in decimal operation mode. 


> > m— 
| | & Ss 8 

eS a eS ae a ee 
ioe ee ee eS ee ee ee 


O 
> 





oo 
> 





| 8] 8] S$ 
ei 





ag 
ao 





Addressing mode 
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Addressing mode 


Appendix 7 Machine Instruction 


Processor status register 





ABS ABS,X | ABS,Y IND ZP,IND 





IND,X 


IND,Y 


6/5|4|3 
af 








# {OP 














2 




















n|/#+/OP! n|+#/OP nl tlopl n | 4 
5/3 9D; 6; 3 499 
if | 7 
3 








OP} n|#jOP/ n 
81; 7;2 91) 7 























































































































Contents 





A 


BIT, A 


ZP 
BIT, ZP 


ZP, X 
ZP,Y 


io) 
Uv 


Z<AWDWO-NO 
























































Contents 





Implied addressing mode 
Immediate addressing mode 
Accumulator or Accumulator addressing mode 


Accumulator bit relative addressing mode 


Zero page addressing mode 
Zero page bit relative addressing mode 


Zero page X addressing mode 
Zero page Y addressing mode 
Absolute addressing mode 
Absolute X addressing mode 
Absolute Y addressing mode 
Indirect absolute addressing mode 


Zero page indirect absolute addressing mode 


Indirect X addressing mode 
Indirect Y addressing mode 
Relative addressing mode 
Special page addressing mode 
Carry flag 

Zero flag 

Interrupt disable flag 

Decimal mode flag 

Break flag 

X-modified arithmetic mode flag 
Overflow flag 

Negative flag 


FF 
nn 
M 


M (X) 
M (S) 


M(ADu, AD,) 


M(00, AD_) 
Ab 

Mb 

OP 

n 


+ 


Addition 

Subtraction 

Logical OR 

Logical AND 

Logical exclusive OR 

Negation 

Shows direction of data flow 

Index register X 

Index register Y 

Stack pointer 

Program counter 

Processor status register 

8 high-order bits of program counter 

8 low-order bits of program counter 

8 high-order bits of address 

8 low-order bits of address 

FF in Hexadecimal notation 

Immediate value 

Memory specified by address designation of any 
addressing mode 

Memory of address indicated by contents of index 
register X 

Memory of address indicated by contents of stack 
pointer 

Contents of memory at address indicated by ADy and 
AD,, in ADy is 8 high-order bits and AD, is 8 low- 
order bits. 

Contents of address indicated by zero page AD, 

1 bit of accumulator 

1 bit of memory 

Opcode 

Number of cycles 

Number of bytes 
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Appendix 8 List of Instruction Code 


ro 


Mo imMaj@Ma 

WN fo Niu N 

Nn O10 OI1MN rer 
© 


~< 


Mo lOajMalOa|wM ©O ” OalMaloan 
Nia N/a N/a N/a S|[a Nlo@ N[o N[o Nila N 
wim woiM ofm o|/M r- 


mM 
: [>< : O x< 
oe | 


in 
ak 


| Nia nln Nin & 
= = b > > x 


. oa = 424i 5 
| fes| | Ba § 


az >xla>lo <lo >lea <lae >lo X<lo > le <la > la XJ > la X<fo >~Jo X<lo > 
oo) om) Q Q an) QQ QA Ale AlIkK Aa OQ a) 2 | Q Q Q 
SiS ol2 212 £19 £18 SiS 218 S15 2b 2/9 219 SIS ZS £18 2/8 ES 
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Appendix 9 Mask ROM Ordering Method 


Please send the following data for a mask order. 
(1) Mask ROM order confirmation form 

(2) Mark specification form 

(3) Three copies of the ROM data.....three EPROMs 
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GZZ—SH03—26A< 9YA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38063M6-XXXFP/GP 
MITSUBISHI ELECTRIC 


Note : 


Company 
name 






* | Customer 





Issuance 
signature 


Date 








issued 





* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMS are required for each pattern. 


Date : 


Mask ROM number a 





Section head 
signature 


Supervisor 
signature 














Please fill in all items marked X. 


Submitted by 


Supervisor 


iar ee 











If at least two of the three sets of ERPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 


Microcomputer name [|] MS88063M6-XXXFP  [] M88063M6-XXXGP 


Checksum code for entire EPROM 


EPROM type (indicate the type used) 
L] 27256 


EPROM address 


L] 27512 


EPROM address 





Product name 
ASCII code : 
‘M38063M6—’ 


Product name 
ASCII code : FFFCi6 and FFFD 46. 


























(1) Set the data in the unused area (the shaded area Address 
of the diagram) to “FF1,”. 0000;, |‘M’ =4 Die | 
(2) The ASCII codes of the product name 000146 ‘3° =3 346 
‘M38063M6-’ must be entered in addresses 0002:. ‘8’ =3 86 
0000,¢ to 0008,5. The ASCII codes and addresses 0003;, |'0’=3 O46 
are listed to the right in hexadecimal notation. 0004,, ['6'=3 646) 
000516 ‘3° =3 3 46 
0006;. LM’ =4 D 46 
000716 ‘6'=3 646 








Address 


000816 


| | [| [| (hexadecimal notation) 


In the address space of the microcomputer, the 
internal ROM area is from address AQ80 i, to 
FFFD,.s. The reset vector is stored in addresses 





0009i¢ | 
O00A16 
OO0B1¢6 





000Ci¢ 





000Di6 





OO0Ei1. 
OOOFi¢ 
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GZZ—SH03—26A< 9YA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number! 


SINGLE-CHIP MICROCOMPUTER M38063M6-XXXFP/GP 
MITSUBISHI ELECTRIC 


We recommend the use of the following pseudo-command to set the start address of the assembler source 











program. 
EPROM type 27256 2/512 
* = 4$8000 * = 4A$0000 
The pseudo-command 
BYTES ‘M38063M6—’ .BYTEA ‘M38063M6—’ 














Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (80P6N for M38063M6-XXXFP, 80P6S for M38063M6-XXXGP) and attach it to the 
mask ROM confirmation form. 


* 3. Delivery standard 
Choose the format of the specifications for the product to be delivered. 
(1) Specifications for each ROM 


[] ROM code list unnecessary (standard). 


[1 ROM code list necessary. 
Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 
*x 4. Usage conditions 


Please answer the following questions about usage for use in our product inspection - 
(1) How will you use the Xin-Xour oscillator ? 








[| Ceramic resonator [] Quartz crystal 
[J External clock input [] Other ( ) 
At what frequency ? (Xin) = | | MHz 
(2) In which operation mode will you use your microcomputer ? 
L] Single-chip mode [|] Memory expansion mode 


[] Microprocessor mode 


* 5. Comments 
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SOP6N (80-PIN QFP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 


mark (if needed). 


A. Standard Mitsubishi Mark 


SUNNNNDOOIANNADDDAADO ARRAN © 


Mitsubishi lot —— 
number (6-digit) =oare 








Note1 : The mark field should be written right aligned. 
2:The fonts and size of characters are standard 


Mitsubishi type. 


C. Special Mark Required 





_— << eee 


Mitsubishi |C catalog name 


[—-—-—- Customer's parts number 
Note: The fonts and size of characters are standard 
Mitsubishi type. 
—-—-Mitsubishi IC catalog name 


Note3 : Customer’s parts number can be up to 14 char- 


acters - 
Only 0~9, A~Z, +, —, 7%, (, ), & ©, * (period), 
and, (commas) are usable. 


-If the Mitsubishi logo * is not required, check 


the box below. 
# Mitsubishi logo is not required 


|_| 


If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 


If the customer’s trade mark logo must be used 


in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 


[| 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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80P6S (80-PIN QFP) MARK SPECIFICATION FORM 








Mitsubishi IC catalog name 





Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


ca — — Mitsubishi IC catalog name 





—-— — Customer's parts number 
Note:The fonts and size of characters are standard 
Mitsubishi type. 
--—-— Mitsubishi IC catalog name 


B. Customer’s Parts Number + Mitsubishi [ 
Catalog Name | 
| 


| 
| | Note3 : Customer’s parts number can be up to 10 char- 
: | | acters : 
=e : Only O~9, A~Z, +, —, %, (, ), & ©, + (period), 
=e) and, (commas) are usable. 

ade 4:If the Mitsubishi logo & is not required, check 
the box below. 

# Mitsubishi logo is not required 


5: Arrangement of Mitsubishi |C catalog name and 
Mitsubishi lot number is dependent on number 





Note1 : The mark field should be written right aligned. of Mitsubishi IC catalog name and that Mitsu- 
2: The fonts and size of characters are standard bishi logo * is required or not. 
Mitsubishi type. (The character size become . | 
smaller than A (standard Mitsubishi mark) type) Note1 : If the special mark is to be printed, indicate the 


desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2: lf the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 

For the new special character fonts a clean font 


C. Special Mark Required 
Ly 





ore == original (ideally logo drawing) must be sub- 

oa ae mitted. 

= = Special logo required | 

1) aa TTT TT Al The standard Mitsubishi font is used for all char- 
ECRHH HOG BEB Ob RHEE oboe acters except for a logo. 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 





JAPAN 
Semiconductor Marketing Division 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telex: 24532 MELCO J 
Telephone: (03) 3218-3473 

(03) 3218-3499 
Facsimile: (03) 3214-5570 


Overseas Marketing Manager 
Kita-Itami Works 

4-1, Mizuhara, Itami-shi, 
Hyogo-ken 664, Japan 

Telex: 526408 KMELCO J 
Telephone: (0727) 82-5131 
Facsimile: (0727) 72-2329 


HONG KONG 

Mitsubishi Electric (H.K.) Ltd. 

41st fl., Manulife Tower, 169, 

Electric Road, North Point, Hong Kong 

Telex: 60800 MELCO HX 

Telephone: 510-0555 

Facsimile: 510-9830, 510-9822, 
510-9803 











SINGAPORE = 

MELCO SALES SINGAPORE PTE. 
LTD. 

230 Upper Bukit Timah Road # 03- 
O1/15 

Hock Soon Industrial Complex 
Singapore 2158 

Telex: RS 20845 MELCO 
Telephone: 4695255 

Facsimile: 4695347 





TAIWAN 2S 
MELCO-TAIWAN CoO., Ltd. 
ist fl., Chung-Ling Bldg., 

363, Sec. 2, Fu-Hsing S Road, 
Taipei R.O.C. 

Telephone: (02) 735-3030 
Facsimile: (02) 735-6771 











Telex: 25433 CHURYO “MELCO- 
TAIWAN” . 

U.S.A. = Ss 

NORTHWEST 


Mitsubishi Electronics America, Inc. 
1050 East Arques Avenue 
Sunnyvale, CA 94086 

Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 


SAN DIEGO 

Mitsubishi Electronics America, Inc. 
16980 Via Tazon, Suite 220 

San Diego, CA 92128 

Telephone: (619) 451-9618 
Facsimile: (619) 592-0242 


DENVER 

Mitsubishi Electronics America, Inc. 
4600 South Ulster Street 
Metropoint Building, 7th Floor 
Denver, CO 80237 

Telephone: (303) 740-6775 
Facsimile: (303) 694-0613 


SOUTHWEST 

Mitsubishi Electronics America, Inc. 
991 Knox Street 

Torrance, CA 90502 

Telephone: (213) 515-3993 
Facsimile: (213) 217-5781 


SOUTH CENTRAL 

Mitsubishi Electronics America, Inc. 
1501 Luna Road, Suite 124 
Carrollton, TX 75006 

Telephone: (214) 484-1919 
Facsimile: (214) 243-0207 


NORTHERN 

Mitsubishi Electronics America, Inc. 
15612 Highway 7 #243 
Minnetonka, MN 55345 

Telephone: (612) 938-7779 
Facsimile: (612) 938-5125 


NORTH CENTRAL 

Mitsubishi Electronics America, Inc. 
800 N. Bierman Circle 

Mt. Prospect, IL 60056 

Telephone: (312) 298-9223 
Facsimile: (812) 298-0567 


NORTHEAST 

Mitsubishi Electronics America, Inc. 
200 Unicorn Park Drive 

Woburn, MA 01801 

Telephone: (617) 932-5700 
Facsimile: (617) 938-1075 


MID-ATLANTIC 

Mitsubishi Electronics America, Inc. 
800 Cottontail Lane 

Somerset, NJ 08873 

Telephone: (201) 469-8833 
Facsimile: (201) 469-1909 


SOUTH ATLANTIC 

Mitsubishi Electronics America, Inc. 
2500 Gateway Center Blivd., Suite 300 
Morrisville. NC 27560 

Telephone: (404) 368-4850 
Facsimile: (404) 662-5208 


SOUTHEAST 

Mitsubishi Electronics America, Inc. 
Town Executive Center 

6100 Glades Road #210 

Boca Raton, FL 33433 

Telephone: (407) 487-7747 
Facsimile: (407) 487-2046 


CANADA 

Mitsubishi Electronics America, Inc. 
6185 Ordan Drive, Unit #110 
Mississauga, Ontario, Canada L5T 2E1 
Telephone: (416) 670-8711 

Facsimile: (416) 670-8715 


Mitsubishi Electronics America, Inc. 
300 March Road, Suite 302 

Kanata, Ontario, Canada K2K 2E2 
Telephone: (416) 670-8711 
Facsimile: (416) 670-8715 





WEST GERMANY 





Mitsubishi Electric Europe GmbH 
Headquarters: 

Gothear Str. 8 

4030 Ratingen 1, West Germany 
Telex: 8585070 MED D 
Telephone: (02102) 4860 
Facsimile: (02102) 486-115 


Munich Office: 

Arabellastrake 31 

8000 Minchen 81, West Germany 
Telex: 5214820 

Telephone: (089) 919006-09 
Facsimile: (089) 9101399 





FRANCE 
Mitsubishi Electric Europe GmbH 
55, Avenue de Colmar 

92563 Rueil Malmaison Cedex 
Telex: 632326 

Telephone: 47087871 

Facsimile: 47513622 








ITALY 





Mitsubishi Electric Europe GmbH 
Centro Direzionale Colleoni 
Palazzo Cassiopea 1 

20041 Agrate Brianza |-Milano 
Telephone: (039) 636011 
Facsimile: (039) 6360120 





SWEDEN : 





Mitsubishi Electric Europe GmbH 
Lastbilsvagen 6B 

5-19149 Sollentuna, Sweden 
Telex: 10877 (meab S) 
Telephone: (08) 960468 
Facsimile: (08) 966877 





U.K. 
Mitsubishi Electric (U.K.) Ltd. 
Travellers Lane 

Hatfield 

Herts AL10 8XB, England, U.K. 
Telephone: (0044) 7072 76100 
Facsimile: (0044) 7072 78692 





Mitsubishi Electric Australia Pty. Ltd. 
348 Victoria Road 

Rydalmere Nsw 2116, Australia 

Private Bag No.2 Rydalmere Nsw 2116 
Telex: MESYDAA 126614 
Telephone: (02) 684-7200 

Facsimile: (02) 638-7072 
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